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TM  11 

A  major  aim  of  Packaging  Passengers  is  to  make  students  aware 
of  the  relationship  between  injuries  in  auto  crashes  and  the  safe 
design  of  cars,  particularly  with  respect  to  the  role  of  seat  belts 
and  air  bags  as  restraining  devices.  After  finishing  this  mini¬ 
course,  a  student  should  be  able  to  critically  appraise  a  vehicle’s 
safety  features  and  to  take  an  objective,  well-informed  position 
when  considering  public  issues  on  auto  safety. 

The  physics  topics  in  Packaging  Passengers  can  be  used  as  a 
starting  point  for  more  extensive  study  by  interested  students. 
The  other  topics  covered  are  likely  to  affect  the  lives  of  all  stu¬ 
dents.  If  there  is  a  driver  education  course  in  your  school,  con¬ 
sider  using  materials  from  that  course. 


Organization 


This  minicourse  contains  nine  core  activities,  four  advanced  activ¬ 
ities,  and  three  excursion  activities.  The  planning  activity  must  be 
done  first  in  each  section.  Activity  4  is  a  required  activity.  It  may 
be  completed  at  any  time  during  the  minicourse.  Students  will 
probably  want  to  do  much  of  this  activity  at  home.  If  so,  they  will 
need  a  list  of  the  suggested  egg-packaging  materials.  This  list  is 
in  the  section  of  the  Materials  and  Equipment  chart  that  is  shown 
on  page  TM  4. 

The  core  activities  deal  mainly  with  the  physical  causes  of  in¬ 
jury  in  automobile  accidents  and  ways  in  which  those  injuries  can 
be  reduced.  Important  scientific  principles  such  as  Newton’s  laws 
of  motion  and  the  law  of  conservation  of  energy  are  discussed. 
They  are  presented  in  a  qualitative  manner  in  the  context  of  auto¬ 
mobile  collisions.  The  pros  and  cons  of  a  law  requiring  the  wear¬ 
ing  of  seat  belts  are  presented.  The  students  decide  whether  they 
agree  or  disagree  with  each  argument  and  counter-argument. 
Then,  through  simple  addition  and  multiplication,  students  find 
out  whether  they  are  in  favor  of  or  opposed  to  a  seat  belt  law. 

In  the  advanced  activities,  the  student  is  introduced  to  the  use 
of  vectors  for  solving  problems  involving  forces,  momentum,  ve¬ 
locity,  and  acceleration.  Activity  11  treats  the  law  of  conservation 
of  momentum  quantitatively  from  the  viewpoint  of  automobile  col¬ 
lision  physics.  The  other  activities  deal  with  the  forces  on  vehicles 
traveling  around  a  curve  and  with  the  quantitative  application  of 
Newton’s  second  law  to  both  collision  physics  and  the  function 
of  seat  belts. 

In  the  excursion  activities,  students  may  choose  to  listen  to  the 
viewpoints  of  two  experts  as  they  discuss  automobile  safety  fea¬ 
tures.  Then  the  students  are  asked  to  decide  which  viewpoints 
are  based  on  fact  and  which  are  based  on  opinion.  Students  may 
also  choose  to  read  about  safety  features  of  the  highways. 
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Cassette  Tape 


The  tape  for  Packaging  Passengers  is  an  integral  part  of  the  mini¬ 
course.  The  tape  has  three  bands,  supplementing  Core  Activities 
8  and  9  and  Excursion  Activity  15  in  the  student  booklet. 

The  tape  band  for  Activity  8:  Should  There  Be  a  Law?  contains 
a  dialogue  situation  in  which  three  high  school  students  witness 
an  automobile  accident.  They  then  argue  against  a  federal  law 
that  would  make  wearing  a  seat  belt  mandatory.  A  chart  in  the 
student  booklet  presents  a  counter-argument  for  each  of  the  stu¬ 
dents’  arguments. 

The  tape  band  for  Activity  9:  Conservation  of  Energy  in 
Crashes  is  made  up  of  the  sounds  heard  in  a  car  crash.  Then  the 
sounds  are  repeated,  one  at  a  time,  as  the  narrator  describes 
what  is  happening  to  the  car  before,  during,  and  after  the  crash. 
The  illustrations  of  the  crash  in  the  student  booklet  provide  a  vi¬ 
sual  path  for  the  student  to  follow  while  listening  to  the  sounds. 

The  tape  band  for  Activity  15:  Experts  Speak  Out  contains  a 
dialogue  situation  in  which  two  experts  speak  out  on  automotive 
design  and  safety.  One  expert  speaks  out  from  the  viewpoint  of 
injuries,  the  other  from  the  viewpoint  of  what  the  public  is  willing 
to  pay.  In  the  student  booklet,  the  students  review  some  of  the 
experts’  statements  and  then  decide  whether  each  statement  is 
fact  or  opinion. 


The  following  chart  represents  an  estimate  of  needs  based  on 
“student  units.’’  The  student  unit  may  be  one  student  working 
alone,  two  students  working  as  partners,  or  several  students 
working  as  a  group.  The  size  of  the  student  unit  will  depend  on 
the  nature  of  the  activity  and  on  the  availability  of  materials  and 
equipment. 


QUANTITY 

PER  STUDENT 

UNIT 

ITEMS 

ACTIVITIES 

NO.  UNITS 

THAT  CAN 

SHARE 

Core 

Advanced 

Excursion 

Consumable 

half  stick 

*  Chalk 

3,  5 

2-4 

*  Eggs,  uncooked 

4 

1  m 

*Tape,  masking 

3,  5 

Vz  m 

*  Thread,  #8 

5 

*  Items  that  can  be  obtained  locally. 
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Materials  and  Equipment  (Continued) 


QUANTITY 

PER  STUDENT 

ITEMS 

ACTIVITIES 

NO.  UNITS 

THAT  CAN 

UNIT 

Core 

Advanced 

Excursion 

SHARE 

Nonconsumable 

1 

*  Balloon,  small  rubber 

5 

10 

1 

*  Board,  approx.  5  cm  x  5  cm  x 

30  cm,  for  barrier 

3 

6 

1 

Car  assembly 

5 

10 

1 

*  Carton,  cardboard,  40  cm  high, 

or  stacked  bricks 

3,  5 

6 

2 

Carts,  dynamics 

3,  5 

6 

1 

*  Cassette  player,  preferably  with 

headphones 

8,  9 

15 

10 

1 

Cassette  tape  for  Packaging 

Passengers 

8,  9 

15 

10 

2 

*  Clay,  modeling,  for  2-cm  cube 

3 

6 

1 

*  Clay,  modeling,  for  3.5-cm  cube 

5 

6 

varies 

*  Egg-packaging  materials 

(optional)  such  as  scraps  of 
wood,  egg  cartons,  tissue 
paper,  string,  wire,  tape,  nails 

4 

varies 

1 

Mass,  1  kg 

3 

10 

1 

Mass,  500  g 

3 

10 

1 

Ramp,  wooden  or  metal,  1.5  m 

x  30  cm 

3,  5 

6 

2 

*  Rubber  bands,  heavy 

5 

10 

1 

*  Rubber  band,  medium 

5 

10 

1 

Rubber  tubing,  4  cm  long  and  1 

cm  diameter 

5 

10 

1 

Ruler,  metric 

3,5 

6 

1 

*  Scissors 

5 

10 

1 

*  Shoe  box,  small 

3 

10 

2 

*  Shoelaces  or  cord 

5 

10 

1 

Resource  Unit  1 

3 

6 

1 

Resource  Unit  2 

6 

13 

6 

1 

Resource  Unit  4 

3 

6 

1 

Resource  Unit  14 

11 

6 

1 

Resource  Unit  18 

9 

6 

*  Items  that  can  be  obtained  locally. 
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Activities  3,  5  Core  Pages  8,  18 

These  activities  require  a  ramp  that  will  allow  a  cart  to  roll 
smoothly  to  the  floor.  If  you  have  a  thick  wooden  board  for  a 
ramp,  you  may  wish  to  plane  or  cut  one  end.  This  will  allow  the 
cart  to  roll  from  the  ramp  to  the  floor  more  smoothly.  The  industrial 
arts  teacher  may  be  able  to  assist  you. 

You  may  wish  to  use  an  alternative  supporting  device  for  the 
ramp.  Ring  stands  and  clamps  may  be  convenient. 
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Activity  5  Core  Page  18 

The  car  assembly  needed  for  this  activity  can  be  purchased  from 
Ginn  and  Company.  (On  the  Ginn  order  form,  the  car  assembly  is 
called  Metal  Box:  Mock  Car  Interior.)  The  car  assembly  illustrated 
in  Activity  5  is  made  from  a  common  electrical  switch  box  of  the 
“gangable”  type.  Remove  the  sides  and  one  ear  of  the  box.  Move 
the  other  ear  to  the  interior.  (The  ears  are  normally  mounted  on 
the  exterior  ends  of  the  box.)  Mounted  to  the  interior,  the  ear 
serves  as  a  projecting  dashboard. 
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If  you  cannot  get  an  electrical  switch  box,  you  can  make  a  car 
assembly  from  wood  or  metal  as  shown.  The  assembly  will  get 
some  rough  handling,  so  it  has  to  be  strong.  A  piece  of  right- 
angled  metal  can  be  strapped  in  place  with  adhesive  tape  to  serve 
as  a  projection. 


WOODEN  CONSTRUCTION 
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Alternative  Excursion  Activity 

The  following  alternative  activity  is  intended  to  be  used  by  stu¬ 
dents  who  are  especially  interested  in  this  topic,  or  by  students 
who  finish  early  and  would  like  to  do  another  excursion  activity. 

For  this  activity,  students  rate  a  seat  belt  system  (a  combination 
of  a  lap  belt  and  a  shoulder  harness).  First,  the  purposes  of  a  seat 
belt  system  are  introduced,  and  the  important  features  are  dis¬ 
cussed.  Then  students  use  this  information  to  rate  the  seat  belt 
system  in  a  parent’s  or  friend’s  car. 

PURPOSES  OF  A  SEAT  BELT  SYSTEM 

1.  A  seat  belt  should  keep  the  wearer  in  the  seat.  Statistics  show 
that  you  are  more  apt  to  be  injured  if  you  strike  the  windshield  or 
dashboard,  or  if  you’re  thrown  from  the  vehicle,  than  if  you’re 
restrained  (wearing  a  seat  belt)  and  stay  in  your  seat.  In  minor 
collisions,  a  seat  belt  can  prevent  you  from  being  thrown  away 
from  the  steering  wheel  and  losing  control  of  the  car. 

2.  A  seat  belt  should  decrease  the  deceleration  of  the  wearer.  The 
degree  of  injury  in  a  car  crash  depends  on  how  fast  the  car  slows 
down.  The  more  sudden  the  stop,  the  more  likely  are  serious  inju¬ 
ries.  If  unrestrained  (unbelted),  a  passenger  makes  a  very  sudden 
stop  against  the  inside  of  the  car. 

A  seat  belt  prevents  a  passenger  from  moving  too  far  forward 
after  the  collision.  So  the  deceleration  force  is  applied  over  a 
longer  period  of  time.  Statistics  show  that  the  deceleration  force 
is  less  on  restrained  passengers  than  it  is  on  unrestrained  pas¬ 
sengers. 

3.  A  seat  belt  should  disperse  the  impact  force.  The  likelihood  of 
injury  is  greater  if  the  impact  force  is  concentrated  over  a  small 
area.  As  much  of  the  belt  as  possible  should  be  in  contact  with 
the  passenger’s  body.  In  this  way,  the  belt  applies  less  pressure 
to  any  single  area  of  the  wearer’s  body  because  the  impact  force 
is  spread  over  a  larger  area  of  the  body. 

4.  A  seat  belt  should  be  easy  to  use  and  comfortable  to  wear. 
No  matter  how  well  designed  a  seat  belt  is,  it  won’t  serve  its  pur¬ 
pose  unless  a  person  uses  it.  Buckling  and  unbuckling  the  belt 
should  be  simple,  and  the  belt  should  be  as  comfortable  as 
possible. 

IMPORTANT  FEATURES  OF  A  SEAT  BELT  SYSTEM 

1.  Anchorage.  Lap  belts  must  be  anchored  to  a  strengthened 
part  of  the  car’s  frame.  The  seat  and  the  roof  do  not  provide  an¬ 
chor  points  that  are  strong  enough.  Anchor  points  in  the  floor 
should  be  on  a  strengthened  section  that  is  not  likely  to  rust  out. 
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The  anchor  point  of  the  shoulder  harness  should  be  on  a  side 
post,  just  above  the  wearer’s  shoulder.  The  harness  must  never 
go  across  the  wearer’s  neck. 

2.  Buckles  and  fittings.  All  sections  of  a  belt  that  are  not  likely  to 
wear  out  quickly  should  be  joined  metal-to-metal,  not 
metal-to-fabric.  This  is  particularly  important  at  the  buckle  and  an¬ 
chor  points. 

3.  Ease  of  adjustment.  A  belt  must  fit  firmly  so  that  the  wearer’s 
body  is  not  free  to  move  forward  very  far.  It’s  important,  then,  that 
the  belt  be  easily  adjusted  to  firmly  hold  people  of  different  sizes. 

4.  Projection  of  buckles.  The  belt  must  not  have  projecting  metal 
parts  that  could  cut  the  belt  or  apply  pressure  to  the  wearer’s 
body.  When  the  belt  is  attached,  no  metal  portions  should  be  over 
the  wearer’s  hipbone. 

5.  Width  of  belt.  A  wide  belt  reduces  the  pressure  of  the  impact 
force  on  the  wearer’s  body.  The  belt  should  be  about  5  centime¬ 
tres  wide. 

6.  Ease  of  buckling.  The  buckling  operation  should  be  as  simple 
as  possible.  The  release  mechanism  should  operate  quickly  and 
easily. 

7.  Retractors.  The  belt  should  be  convenient.  A  tangle  of  belts  on 
the  seat  is  likely  to  discourage  a  wearer.  Belt  retractors  that  roll 
belts  away  for  easy  access  are  useful. 


SAMPLE  TABLE 


BELT  A  MANUFACTURER:  EZYGRAP  MODEL:  SUPER  ECONOMY  P  146-8 

Rating  (excellent, 

Feature 

satisfactory,  poor) 

Remarks 

anchorage 

poor 

bolted  to  rear  floor 

buckles  and  fittings 

satisfactory 

rusting  evident 

ease  of  adjustment 

excellent 

can  be  tightened  easily 
with  one  hand 

projection  of  buckles 

poor 

rides  on  hipbone 

width  of  belt 

satisfactory 

4.6  cm 

ease  of  buckling 

excellent 

quick,  easy  action 

retractors 

poor 

Belt  tangles  on  front 
seat. 

Special  Comments:  A  short  driver  wearing  the  seat  belt  could  not  reach  the  glove  compartment. 
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When  students  understand  the  purposes  and  features  of  a  seat 
belt  system,  ask  them  to  rate  an  actual  seat  belt.  This  rating  could 
be  done  in  the  form  of  a  table  as  shown  on  page  TM  9.  You  may 
want  to  draw  a  similar  table  on  a  spirit  duplicating  master.  If  so, 
consider  drawing  a  sample  table— already  filled  in,  and  also  an 
incomplete  table— to  be  filled  in  by  the  student. 

You  may  want  students  to  use  this  copy  of  the  annotated 
teacher’s  edition  to  do  the  alternative  excursion  activity.  Or,  you 
may  choose  to  make  copies  of  pages  TM  8  and  9  to  distribute 
solely  to  your  students. 

When  rating  a  seat  belt,  a  student  should  sit  in  a  car  and  actu¬ 
ally  buckle  the  belt  to  test  the  following  features:  ease  of  adjust¬ 
ment,  projection  of  buckles,  and  ease  of  buckling.  The  other  seat 
belt  features  (listed  in  the  table)  can  be  rated  by  inspection.  Note 
that  students  may  need  a  metric  ruler  for  rating  width  of  belt. 


In  addition  to  the  Minicourse  Test,  you  might  use  some  or  all  of 
the  following  suggestions  to  evaluate  your  students. 


Essay  Questions 

Three  essay  questions  and  their  model  answers  follow.  All  are 
related  to  core  material. 

1.  List  as  many  requirements  as  you  can  for  a  perfect  restraining 
system. 


Answer:  An  acceptable  answer  should  include  at  least  five  of  the 
following  features  of  a  “perfect”  restraining  system. 

It  should  be  automatic. 

It  should  be  stored  out  of  the  way  when  not  in  use. 

It  should  keep  a  passenger  in  place  in  all  types  of  accidents, 
even  when  the  car  swerves  violently. 

It  should  spread  the  impact  over  a  large  portion  of  a  person’s 
body. 

It  should  be  inexpensive  so  that  everyone  can  afford  it. 

It  should  not  be  too  stretchable. 

It  should  be  strong  enough  to  withstand  the  impact  force  with¬ 
out  breaking. 

2.  Which  is  better:  a  car  equipped  with  a  seat  belt-shoulder  har¬ 
ness  system  or  a  car  equipped  with  an  air-bag  system?  Why? 
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Answer:  There  are  advantages  and  disadvantages  to  both  sys¬ 
tems.  A  seat  belt-shoulder  harness  system  holds  the  passenger  in 
place  during  side  collisions,  severe  bumps,  and  multiple  head-on 
collisions.  Air  bags  do  not.  But  air-bag  systems  work  automati¬ 
cally  in  head-on  crashes.  They  are  stored  out  of  the  way  until 
needed.  And  they  spread  the  impact  over  a  larger  area. 

If  a  person  buckles  up  every  time  he  or  she  gets  into  a  car,  the 
seat  belt-shoulder  harness  system  is  probably  better.  If,  however, 
a  person  does  not  buckle  up  all  the  time,  an  air-bag  system  is 
probably  better. 

3.  Two  cars,  each  traveling  48  km/h  (30  miles  per  hour),  collide 
head-on.  Warren,  the  driver  of  one  of  the  cars,  is  wearing  a 
seat  belt.  Lisa,  the  other  driver,  is  wearing  a  seat  belt-shoulder 
harness.  Leon,  a  front  seat  passenger,  has  not  buckled  his 
seat  belt.  Describe  the  probable  motion  for  each  of  these  per¬ 
sons  in  the  crash. 

Answer:  The  seat  belt  would  hold  Warren  firmly  at  the  waist  and 
absorb  much  of  the  impact  force.  His  head  and  feet,  however, 
would  swing  forward.  His  head  and  upper  chest  probably  would 
hit  the  steering  wheel.  Lisa  would  tend  to  move  forward  a  few 
inches.  Because  of  the  shoulder  harness,  her  upper  body  would 
not  swing  forward.  But  her  feet  would  be  free  to  swing  upward 
under  the  dash.  Poor  Leon  would  tend  to  move  forward  at  48 
kilometres  an  hour.  He  would  hit  the  dashboard,  the  windshield, 
or  the  top  of  the  car  just  above  the  windshield.  He  might  even  be 
ejected  from  the  car  through  the  windshield. 


Fales,  Edward  D.,  Jr.  1972.  Why  today’s  cars  are  safer. 
Reader’s  Digest  101:61-65. 

This  article  gives  a  brief  account  of  some  features  of  cars  de¬ 
veloped  since  1970.  It  is  easy  reading  and  can  be  used  to  supple¬ 
ment  the  students’  materials. 

Hewitt,  Paul  G.  1974.  Conceptual  physics:  a  new  introduction  to 
your  environment.  2nd  ed.  Boston:  Little,  Brown  &  Co. 

One  of  several  physics  texts  that  can  be  used  as  a  teacher  or 
student  reference  for  the  advanced  activities.  This  text  is  highly 
reliable  and  treats  the  concepts  in  an  interesting  manner. 


Huelke,  D.  F.,  and  Gikas,  P.  W.  1967.  Ejection— the  leading 
cause  of  death  in  automobile  accidents.  New  York:  Society  of  Au¬ 
tomotive  Engineers. 
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This  is  one  of  a  series  of  reprints  available  from  the  Society  of 
Automotive  Engineers.  It  contains  excellent  background  informa¬ 
tion  for  teachers  and  can  be  used  for  reference  by  advanced  stu¬ 
dents  who  are  especially  interested  in  the  topic. 

Miller,  Patrick  M.  1973.  The  crashworthiness  of  automobiles. 
Scientific  American  228:78-86. 

This  article  provides  an  excellent  discussion  of  automobile  de¬ 
sign  as  it  is  related  to  the  minimization  of  injuries  sustained  in 
crashes.  Most  suitable  for  reference  by  teachers  and  advanced 
students. 

The  following  pamphlets,  dealing  with  all  phases  of  automobile 
safety,  are  available  at  low  cost  from  the  U.S.  Department  of 
Transportation.  They  can  be  obtained  in  class-size  quantities  from 
the  Superintendent  of  Documents,  U.S.  Government  Printing  Of¬ 
fice,  Washington,  D.C.  20402. 

Automobile  Safety  Belt  Fact  Book 
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FOREWORD 

Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are  reject¬ 
ing  science  courses  and  turning  to  subjects  that  they  consider  to 
be  more  practical  or  significant.  Numerous  high  school  science 
teachers  have  concluded  that  what  they  are  now  teaching  is  appro¬ 
priate  for  only  a  limited  number  of  their  students. 

As  their  concern  has  mounted,  many  science  teachers  have  tried 
to  find  instructional  materials  that  encompass  more  appropriate 
content  and  that  allow  them  to  work  individually  with  students  who 
have  different  needs  and  talents.  For  the  most  part,  this  search  has 
been  frustrating  because  presently  such  materials  are  difficult,  if 
not  impossible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  project 
was  organized  to  produce  an  alternative  for  those  teachers  who 
are  dissatisfied  with  current  secondary  science  textbooks.  Con¬ 
sequently,  the  content  of  the  ISIS  materials  is  unconventional  as  is 
the  individualized  teaching  method  that  is  built  into  them.  In  con¬ 
trast  with  many  current  science  texts  which  aim  to  “cover  science,” 
ISIS  has  tried  to  be  selective  and  to  limit  coverage  to  the  topics  that 
we  judge  will  be  most  useful  to  today’s  students. 

Obviously  the  needs  and  problems  of  individual  schools  and 
students  vary  widely.  To  accommodate  the  differences,  ISIS  de¬ 
cided  against  producing  tightly  structured,  pre-sequenced  text¬ 
books.  Instead,  we  are  generating  short,  self-contained  modules 
that  cover  a  wide  range  of  topics.  The  modules  can  be  clustered 
into  many  types  of  courses,  and  we  hope  that  teachers  and  admin¬ 
istrators  will  utilize  this  flexibility  to  tailor-make  curricula  that  are 
responsive  to  local  needs  and  conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and  agen¬ 
cies.  More  than  75  scientists  and  educators  have  helped  to  gener¬ 
ate  the  materials,  and  hundreds  of  teachers  and  thousands  of 
students  have  been  involved  in  the  project’s  nation-wide  testing 
program.  All  of  the  ISIS  endeavors  have  been  supported  by  gener¬ 
ous  grants  from  the  National  Science  Foundation.  We  hope  that 
ISIS  users  will  conclude  that  these  large  investments  of  time, 
money,  and  effort  have  been  worthwhile. 


Ernest  Burkman 
ISIS  Project 
Tallahassee,  Florida 
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hat’s  It  All  About? 


1/hy  should  one  person  die  in  a  minor  collision  and  another 
■person  walk  away  from  a  major  collision?  That’s  what  this 
minicourse  is  all  about:  how  people  can  be  “packaged”  for 
greater  safety. 

I  You’ll  see  what  can  happen  to  passengers  and  their  cars 
| luring  a  collision.  You’ll  hear  what  experts  have  to  say 
bibout  car  safety  features.  And  you’ll  identify  on-the-road 
safety  features. 

v  What  you  learn  from  this  minicourse  might  someday  save 
your  life. 
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Activity  2  Page  5 


Activity  1  Planning 


Objective  1:  Tell  when  the  first  and 
second  collisions  in  auto  accidents 
occur,  and  tell  the  results  of  each 
collision. 

Sample  Question:  Which  of  the  fol¬ 
lowing  is  the  result  of  a  second 
collision? 

a.  The  bumper  is  bent. 

b.  The  car  hit  a  tree. 

c.  The  passenger  is  injured. 

d.  The  car’s  radiator  is  cracked. 
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Objective  2:  Describe  how  changes 
in  speed  and  direction  affect  a  car 
and  its  passengers. 

Sample  Question:  A  car  is  going  88 
kilometres  (55  miles)  an  hour.  A  deer 
suddenly  runs  in  front  of  the  car.  The 
car  hits  it.  Immediately  after  impact 
the  driver  is: 

a.  thrown  backward. 

b.  thrown  forward. 

c.  not  affected  since  the  deer  does 
not  weigh  much, 
thrown  backward  then  forward. 
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REQUIRED 

Design  a  package  to  protect  an  egg 
from  breaking  when  it  is  dropped  from 
a  height  of  6  metres. 
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Objective  3:  Describe  the  safety 
features  of  a  padded  dashboard,  a 
seat  belt  system,  and  an  air  bag 
system. 

Sample  Question:  True  or  false?  The 
narrower  the  material,  the  better  the 
seat  belt  will  be— as  long  as  the  mate¬ 
rial  does  not  stretch. 
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Objective  4:  Tell  when  seat  belts 
work  best  to  reduce  injuries  to  pas¬ 
sengers  in  collisions. 

Sample  Question:  Who  would  be  in¬ 
jured  more  in  crashes  of  24  to  40 
kilometres  per  hour— belted  or  un¬ 
belted  passengers? 

Objective  5:  Compare  the  injuries 
of  belted  and  unbelted  passengers 
reported  in  graphs  or  tables. 

Sample  Question:  Look  at  the  graph. 
Which  type  of  injury  happened  to  un¬ 
belted  drivers  but  not  to  belted 
drivers?  (If  you  have  trouble  reading 
the  graph,  do  Resource  Unit  2.) 


Fatal 


Serious 


Slight 


0  100  200  300 

NO.  OF  INJURIES  IN  ONE  MONTH 


Unbelted  driver 


Belted  driver 
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Objective  6:  Explain  how  effective 
air  bags  are  in  reducing  injuries  to 
passengers. 

Sample  Question:  Air  bags  are  not  ef¬ 
fective  when: 

a.  The  impact  force  is  spread  over  a 
small  area. 

b.  The  car  is  hit  from  behind. 

c.  The  car  collides  head-on  with  a 
second  object ,  2  seconds  after  the 
first  collision. 

d.  Two  cars  meet  in  a  head-on  colli- 


Answers 

1.  c  2.  b  3.  false  4.  unbelted 
passengers  5.  fatal  injuries  6.  b,  c 
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Objective  7:  Identify  statements 
based  on  facts,  not  opinions,  in  the 
mandatory  seat-belt  law  debate. 

Sample  Question:  Which  of  the  fol¬ 
lowing  arguments  is  based  on  fact, 
not  opinion? 

a.  Seat-belt  laws  in  other  countries 
have  reduced  accident  injuries. 

b.  A  driver  who  buckles  up  is  safety 
conscious. 

c.  You  can’t  catch  the  offenders  of  a 
seat-belt  law. 

d.  Belted  drivers  take  more  risks. 


Objective  8:  Explain  the  arguments 
for  and  against  a  seat-belt  law. 

Sample  Question:  Which  of  the  fol¬ 
lowing  is  the  strongest  argument  for 
the  passage  of  a  seat-belt  law? 

a.  Insurance  premiums  might  be 
lower. 

b.  Bandages  and  casts  are  a  nui¬ 
sance. 

c.  Unbelted  drivers  may  lose  control 
of  their  cars  during  accidents. 

d.  It’s  for  the  common  good,  based 
upon  accident  statistics. 


Answers 

7.  a  8.  d  9.  a 
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Objective  9:  Identify  ways  that  en¬ 
ergy  is  conserved  during  car 
crashes. 

Sample  Question:  A  car  collides  into 
a  bale  of  hay.  Which  statement  ex¬ 
plains  how  energy  is  conserved? 

a.  The  car  slows  down  and  the  hay 
starts  moving. 

b.  The  car  is  stopped  by  the  bale  of 
hay. 

c.  The  car  keeps  right  on  going  at  the 
same  speed  as  before. 

d.  The  weight  of  the  hay  makes  the 
car  move  faster. 


ACTIVITY  EMPHASIS:  A  description  of  the  cause  and  effects  of  second 
collisions  in  auto  crashes. 

The  Second  Collision 

MATERIALS  PER  STUDENT  UNIT 
None. 

How  can  one  person  walk  away  from  a  major  collision  and  an¬ 
other  person  die  in  a  minor  collision?  The  following  story  will 
give  you  a  clue  to  the  answer.  (It’s  a  true  story.) 


The  farmer’s  body  reacted  just  like  any  other  object  in  motion 
reacts.  The  truck  was  traveling  at  56  kilometres  an  hour  (35 
miles  an  hour).  When  the  truck  stopped  suddenly,  the  farmer’s 
body  kept  moving  at  56  kilometres  an  hour.  It  didn’t  stop  until  it 
crashed  into  the  steering  wheel  and  windshield.  This  second 
collision  killed  the  farmer. 
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Head  injuries  (windshield) 
Large  loss  of  blood 
Broken  ribs  (steering  wheel) 
Punctured  lungs 
Dead-On-Arrival”  at  hospital 


What  about  the  truckload  of  eggs?  The  eggs  were  packed  in  soft 
cardboard  cartons  and  piled  into  crates.  The  crates  were 
strapped  to  the  back  of  the  truck.  Some  of  the  crates  were 
thrown  from  the  truck.  The  eggs  in  those  crates  were  smashed. 
But  most  of  the  crates  remained  strapped  to  the  back  of  the 
truck.  Of  the  1000  dozen  eggs,  more  than  950  dozen  were  not 
cracked  or  broken.  In  other  words,  more  than  95%  of  the  eggs 
in  the  truck  were  undamaged! 


The  first  collision  was  when 
the  truck  hit  the  ditch.  This 
did  not  kill  the  farmer. 


The  fatal  collision  was  the 
second  collision,  which 
happened  a  fraction  of  a 
second  later.  The  second 
collision  occurred  when  the 
farmer’s  body  smashed 
forward  against  the  wind- 
shield  and  steering  wheel. 


Why  was  the  farmer  killed  when  so  many  eggs  were  undam¬ 
aged?  The  soft  cartons  protected  the  eggs  from  hitting  against 
each  other.  The  crates  were  strapped  firmly  to  the  truck  so  that 
they  wouldn’t  fly  off.  But  the  farmer  was  not  “packaged”  as 
carefully.  Nothing  held  him  in  his  seat.  He  smashed  into  the 
front  of  the  truck  and  was  killed. 
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At  56  kilometres  an  hour,  the  impact  from  a  second  collision  is  a 
disaster.  It’s  like  landing  face  first  on  the  ground  after  falling 
from  the  fifth  floor  of  a  building.  Worse,  it’s  like  landing  on  a 
steering  wheel  sticking  up  from  the  ground,  or  on  a  glass  wind¬ 
shield,  or  a  glove  compartment.  Do  you  think  you  could  brace 
yourself  with  your  arms  to  prevent  the  second  collision? 

^  2-1.  What  is  the  second  collision  in  a  car  crash?  Why 

does  it  OCCUr?  2-1.  The  second  collision  is  between  something  inside  the  car 
(e.g.,  a  person)  and  a  part  of  the  car  (e.g.,  the  windshield  or  steering  wheel).  It 
occurs  during  sudden  stops  when  loose  items  inside  the  car  don't  stop  when  the 
car  does. 


^  2-2.  In  Figure  2-1,  the  cars  are  about  to  collide.  Car  2 
is  going  to  hit  Car  1  from  the  back.  Describe  the  first  and 
second  collisions  that  will  occur. 


2-2.  First  collision:  between  the 
two  cars;  second  collision:  be¬ 
tween  the  driver  of  Car  2  and  the 
steering  wheel  and  windshield.  Al¬ 
so,  if  Car  1  has  headrests,  a 


Figure  2-1 


second  collision  will  occur  be¬ 
tween  the  driver's  head  and  the 
headrest. 


\S  2-3.  How  would  a  headrest  help  the  driver  or  passenger  of  2-3.  it  would  prevent  a  broken 
Car  1?  neck- 
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The  photographs  in  Figures  2-2  and  2-3  show  the  results  of  two 
crashes.  In  Figure  2-2  the  first  collision  was  when  the  car  hit  a 
tree  and  skidded  into  another  tree.  The  second  collision  was 
when  the  driver  was  thrown  through  the  partly  opened  window. 
The  door  was  bent  outwards  by  the  impact  of  the  driver’s  body. 

In  Figure  2-3,  a  test  car  is  shown  after  an  experimental  crash. 
Two  dummies  (life-size  dolls)  are  visible.  The  third  dummy  had 
been  in  the  driver’s  seat  and  was  thrown  out  of  sight  under  the 
instrument  panel. 


When  you’re  in  a  moving 
car,  you  travel  in  the  same 
direction  and  speed  as 
the  car. 


If  the  car  stops  suddenly, 
and  you’re  not  restrained 
(held  back),  you  keep  going 
forward  .  .  .  until  something 
stops  you. 


Figure  2-3 

2-4.  Figure  2-2:  door  bent  outward;  Figure  2-3:  cracked  windshield. 

^  2-4.  What  evidence  is  there  that  the  driver  kept  moving 
after  the  car  stopped  in  Figure  2-2?  In  Figure  2-3? 

It  is  best  to  start  Activity  3  at  the  beginning  of  a  new  class  period. 

See  Advance  Preparation,  p.  TM  5,  for  preparing  the  ramp  and 
setting  up  the  equipment. 

Sndden  Stops  Hurt 

ACTIVITY  EMPHASIS:  An  investigation  into  the  effects  of  Newton's  first  and 
second  laws  on  auto  passengers.  Dynamics  carts  are  used. 
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Over  300  years  ago,  an  English  scientist,  Sir  Isaac  Newton,  de¬ 
scribed  his  conclusions  about  moving  objects.  These  con¬ 
clusions  have  been  so  useful  that  they  are  named  after  Newton. 
They  are  called  Newton’s  laws  of  motion. 


MATERIALS  PER  STUDENT 
UNIT 

ramp,  metal  or  wooden,  1.5  m  X 
30  cm 

cardboard  carton  or  stacked 


NEWTON’S  FIRST  LAW: 
PART  1 


A  body  in  motion  remains  in 
motion,  moving  at  the  same 
speed  and  in  the  same 
direction,  .  .  . 


unless  acted  upon  by  an 
outside  force. 


Newton’s  first  law  explains  some  of  the  results  of  a  car  crash. 
You’ll  investigate  one  of  these  results  here.  You’ll  see  what  hap¬ 
pens  to  a  loose  object  (driver,  passenger,  or  package)  in  a 
moving  car  after  the  car  stops  suddenly.  But  first  see  if  you  can 
find  the  average  of  10,  15,  7,  and  11.  There  are  two  investiga¬ 
tions  in  this  activity  that  ask  you  to  find  averages.  If  you  need 
help,  do  Resource  Unit  1 .  (The  average  for  the  numbers  given  is 
10.8.) 

The  following  materials  are  needed  for  this  investigation: 

ramp,  metal  or  wooden,  about  1 .5  m  long  and  30  cm  wide 
cardboard  carton  or  stacked  bricks,  about  40  cm  high 
dynamics  cart 

modeling  clay  to  make  a  cube,  2  cm  on  a  side 

small  board  for  barrier 

chalk 

metric  ruler 
masking  tape 


bricks,  40  cm  high;  2  dynamics 
carts;  modeling  clay,  enough  to 
make  2  cubes,  2  cm  on  a  side; 
small  board,  for  barrier;  chalk; 
metric  ruler;  masking  tape;  shoe 
box,  small;  mass,  1  kg;  mass,  500 
9- 

Resource  Unit  1 
Resource  Unit  4 

The  barrier  should  be  (1)  high 
enough  to  stop  the  cart  com¬ 
pletely,  but  (2)  not  so  high  as  to 
prevent  the  full  forward  motion 
of  the  thrown  cube. 

Isaac  Newton  (1642—1727)  was 
the  father  of  modern  physics.  He 
did  most  of  his  creative  thinking 
during  his  twenties  and  early  thir¬ 
ties.  The  story  of  the  falling  apple 
comes  from  Voltaire  and  may  or 
may  not  be  fictitious. 
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A.  Mark  lines  20  centimetres  apart  on  the  ramp.  Then  set  up  the 
materials  as  shown.  Tape  barrier  firmly  to  floor  or  table. 


The  clay  may  be  sticky  at  times, 
especially  if  it  is  pushed  down 
rather  than  only  rested  on  the 
cart. 


Keep  the  clay  cubes.  They  can  be 
used  again. 


Have  Resource  Unit  1  available  to 
aid  students  in  averaging. 


B.  Make  a  clay  cube  with  sides  about  2  centimetres  long.  Put 
the  cube  on  the  front  of  the  cart.  Line  up  the  cart  with  the 
20-centimetre  mark.  Release  the  cart. 


. 


_ 


C.  Watch  what  happens  to  the  clay  cube.  Use  chalk  to  mark 
where  the  cube  finally  stops.  Measure  the  distance  from  the 
chalk  mark  to  the  impact  side  of  the  barrier.  Measure  to  the 
nearest  centimetre. 

Repeat  Steps  B  and  C  three  or  four  times.  Record  the  measure¬ 
ment  each  time. 

You  probably  will  get  a  different  result  for  each  trial.  This  is 
because  there  are  variables  that  change  the  results:  the  cart  may 
hit  the  barrier  differently  due  to  small  changes  in  the  way  the  cart 
rolls  on  the  ramp.  Find  the  average  distance  for  all  the  trials. 
Record  your  results.  You  may  want  to  use  a  table  like  the  one  in 
Figure  3-1 . 
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DISTANCE  FROM 

END  OF  RAMP 
(IN  CENTIMETRES) 

AVERAGE  DISTANCE 

CUBE  WAS  THROWN 

20 

40 

60 

80 

100 

120 

This  may  get  somewhat  noisy,  but 
such  noise  will  help  simulate  the 
crash  situations. 


Figure  3-1 

D.  Place  the  cube  on  the  front  of  the  cart.  Release  the  cart  40 
centimetres  from  the  end  of  the  ramp.  Do  this  several  times. 
Each  time  measure  the  distance  from  where  the  cube  lands  to 
the  impact  side  of  the  barrier.  Find  the  average  distance  and 
record  it  in  your  table. 

Repeat  Step  D  for  each  distance  shown  in  the  table 
(Figure  3-1).  Notice  that  the  last  trial  you  will  make  is  from  the 
120-cm  mark.  Don’t  go  above  that  yet. 

3-1 .  Graph  the  data  from  your  table.  If  you  need  help  with 
graphing,  do  Resource  Unit  4.  Have  Resource  Unit  4  available  to  aid 
students  in  making  graphs. 

\S  3-2.  Suppose  you  released  the  cart  and  cube  from  the  140- 
centimetre  mark  on  the  ramp.  Use  your  graph  to  predict  how  far 
the  cube  would  be  thrown.  (Hint:  Extend  the  graph.  If  you  need 
help,  dO  Resource  Unit  4.)  3-2.  Answers  will  vary. 

3-3.  Place  the  cube  on  the  cart.  Release  the  cart  140  cen¬ 
timetres  from  the  end  of  the  ramp.  How  far  is  the  cube  thrown? 
Was  your  prediction  for  Question  3-2  correct? 

3-3.  Answers  will  vary. 

\S  3-4.  When  the  cube  is  on  the  cart  it  goes  in  the  same  direc¬ 
tion  as  the  cart.  When  the  cube  is  thrown  from  the  cart,  in  what 
direction  does  it  go?  3-4.  in  the  same  direction  that  the  cart  would  be 
going  if  it  hadn't  stopped. 

iX  3-5.  How  is  the  distance  that  the  cube  is  thrown  related  to 

the  Cart’s  speed?  3-5.  The  faster  the  cart,  the  farther  the  cube  is  thrown. 
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A  body  at  rest  remains  at 
rest .  .  . 


unless  acted  upon  by  an 
outside  force. 


You  saw  what  happens  to  a  loose  object  when  the  car  suddenly 
stops.  Now  you’ll  see  what  happens  to  a  loose  object  when  a 
car  at  rest  gets  hit  from  behind.  You’ll  need  these  materials: 


ramp,  metal  or  wooden,  about  1.5  m  long  and  30  cm  wide 
metric  ruler 

cardboard  carton  or  stacked  bricks,  about  40  cm  high 
2  dynamics  carts 

modeling  clay  to  make  2  cubes,  each  2  cm  on  a  side 

One  cube  may  already  be  available  from  the  previous  investigation. 

A.  Make  two  clay  cubes  with  sides  about  2  cm  long.  Put  a  cube 
on  the  front  of  each  cart,  Cart  A  and  Cart  B. 


B.  Set  up  the  materials  lining  up  Cart  A  with  the  100-cm  mark. 
Release  Cart  A.  Watch  what  happens  to  the  cubes. 


Cart  A 


Cart  B 


3-6.  It  stayed  in  about  the  same  position  because  nothing  pushed  the  cube  itself. 
The  cart  was  pushed  out  from  under  it. 


Repeat  Steps  A  and  B  three  or  four  times. 

3-6.  Did  the  cube  on  Cart  B  move  forward,  backward,  or 
stay  in  the  same  position?  Why  do  you  think  it  did  so? 


3-7.  It  moved  forward  because 
nothing  slowed  its  own  forward 
motion.  Only  Cart  A  was  slowed 
when  it  hit  Cart  B. 


iX  3-7.  Did  the  cube  on  Cart  A  move  forward,  backward,  or 
stay  in  the  same  position?  Why  do  you  think  it  did  so? 


3-8.  Nothing  pushed  the  pas¬ 
sengers  forward.  As  the  bus 
moved  forward,  the  back  of  the 
bus  "caught  up"  with  the  passen- 


^  3-8.  A  bus  lurches  forward.  Explain  why  the  passen¬ 
gers  standing  in  the  aisle  are  forced  toward  the  back. 

3-9.  The  wall  restrains  a  load  from  crashing  into  the  cab  if  the  truck  should  stop  su 

^  3-9.  Shown  in  Figure  3-2  is  a  truck  with  a  sturdy  wall 
behind  the  driver’s  cab.  What  is  the  purpose  of  this  wall? 

^  3-10.  A  stopped  car  is  hit  from  behind  by  another  car. 
Describe  what  happens  to  the  people  in  the 
a.  stopped  car.  b.  car  that  hit  the  stopped  car. 


Now  do  another  investigation  to  see  what  Newton’s  second  law  is 
and  how  it  applies  to  a  car  crash.  You’ll  need  these  materials: 


ramp,  1 .5  m  long,  30  cm  wide 
metric  ruler 

cardboard  carton  or  stacked 
bricks,  40  cm  high 
dynamics  cart 
chalk 


bottom  of  shoe  box  for  child’s 
shoes,  or  similar  box 
modeling  clay  to  make  a  cube 
2  cm  on  a  side 
kg  mass 
500  g  mass 


Figure  3-2 

3-10.  a.  Their  seats  push  against 
them  from  behind  and, 
if  the  car  has  no  head¬ 
rests,  their  necks  may 
break. 

b.  They  are  forced  forward 
into  the  front  of  the  car. 


Students  can  probably  use  a  cube  from  the  previous  investigation. 


a  large  force  (exerted  by  than  a  small  force  (exerted 

the  tree)  causes  a  greater  by  the  fence), 

change  in  motion  .  .  . 
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Make  a  clay  cube  with  sides  about  2  centimetres  long.  Put 
the  cube  on  one  end  ot  the  cart.  Set  up  the  materials  as 
shown.  Place  the  kilogram  mass  in  the  bottom  of  the  shoe 
box.  Use  chalk  to  draw  a  line  along  the  front  edge  of  the 
box.  Be  sure  that  the  front  wheels  of  the  cart  are  lined  up 
with  the  100-centimetre  mark.  Release  the  cart. 


B.  Watch  what  happens  to  the  shoe  box  and  the  cube  (the  “pas¬ 
senger”)  after  the  collision.  Measure  the  distance  that  the 
cube  travels.  Record  the  measurement.  Do  the  same  for  the 
shoe  box.  Repeat  the  procedure  three  or  four  times.  Then 
average  the  distances  and  record  the  averages.  You  may 
want  to  use  a  table  like  the  one  in  Figure  3-3. 


cart 

after 

rebound 


measure  distance 
box  moved 


Measure  distance  cube  moved. 
(It  may  stay  against  box.  If  it 
remains  on  cart,  distance  is 
meaningless.) 
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MASS 

AVERAGE  DISTANCE 

BOX  TRAVELED 

AVERAGE  DISTANCE 

CUBE  TRAVELED 

1  kg 

500  g 

No  mass 

added  to  box 

Figure  3-3 


Repeat  Steps  A  and  B  using  a  500-gram  mass  in  the  shoe  box. 
Then  repeat  Steps  A  and  B  using  the  shoe  box  without  any  mass 
added. 


3-1 1 .  How  did  the  mass  of  the  box  and  its  contents  affect 
how  far  the  box  moved  when  the  cart  hit  it? 


3-11.  The  greater  the  mass,  the 
less  the  box  moved  when  hit  by 
the  cart. 


\S  3-12.  How  did  the  mass  of  the  box  and  its  contents  affect 
how  far  the  clay  cube  was  thrown  when  the  cart  hit  the  box? 

^  3-13.  When  are  serious  injuries  more  likely  to  happen— 
when  a  car  crashes  into  a  large  tree  or  into  a  wooden  fence? 


3-12.  The  greater  the  mass,  the 
farther  the  clay  cube  was  thrown 
when  the  cart  hit  the  box. 

3-13.  A  large  tree. 


A  large  force  causes  more 
change  in  speed  and 
direction  .  .  . 


\S  3-14.  Look  at  Figure  3-4.  Why  did  Car  A  slow  down  more 
and  have  a  greater  change  in  direction  than  Car  B? 


3-14.  Car  A  hit  a  heavier  object 
and  was  subjected  to  a  larger 
force. 
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A.  A  billiard  ball  rolls  toward 
and  collides  with  an 
unmoving  ball. 


B.  A  batter  bunts  a  ball  to 
the  ground  in  front  of  the 
plate. 


b.  Law  1:  Ball  remains  in 
motion  toward  bat  until 
bat  acts  on  it;  ball  then 
remains  in  motion  to¬ 
ward  ground  until 
ground  acts  on  it. 


Law  2:  Force  of  b 
changes  direction  of  bal 
motion.  Ball  then  med 
ground.  Unless  anoth 
force  (e.g.,  catcher)  ac 
on  ball,  friction  wil 
ground  will  cause  ball  i 
slow  down  and  stop. 


C.  A  golfer  hits  a  ball  off  the 
tee. 


v> 


O  Law  2:  Speed  and  direc¬ 
tion  of  ball  after  being 
hit  depends  on  force  ex¬ 
erted  by  golf  club. 


V'V 


r. 


D.  A  goalie  stops  the  puck 
from  going  into  the  net. 


Law  1:  Golf  ball  stays 
on  tee  until  outside 
force  (golf  club)  hits  it. 
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d.  Law  1:  Puck  would 
have  continued  moving 
into  net  if  goalie's  stick 
hadn't  stopped  it. 


Law  2:  Stick's  deflection 
of  puck  causes  little 
change  in  speed  of  puck, 
but  does  change  its  direc¬ 
tion. 


Two  of  Newton’s  laws  are: 

1.  A  body  in  motion  remains  in  motion,  and  a  body  at  rest  re¬ 
mains  at  rest  unless  acted  upon  by  an  outside  force. 

2.  When  a  force  acts  on  an  object,  the  amount  of  motion 
change,  either  in  speed  or  direction,  depends  on  the  size  of 
the  force  and  the  amount  of  time  the  force  is  applied. 

3-15.  Describe  how  Newton’s  laws  apply  in  these  situations. 


Law  1:  Moving  ball 
continues  to  move  and 
stationary  ball  remains 
at  rest  until  collision. 
Law  2:  Speed  of  origi¬ 
nally  stationary  ball  af¬ 
ter  collision  depends  on 
speed  of  originally  mov¬ 
ing  ball. 


MATERIALS  PER  STUDElJT 
UNIT  several  eggs,  uncool  ed 

The  principles  of  safe 
packaging  do  not  change, 
no  matter  what  you  are 
packaging. 

packaging  materials  (option^), 
such  as  scraps  of  wood,  egg 
cartons,  tissue  paper,  string,  wife, 
tape,  nails. 


ACTIVITY  EMPHASIS:  An  investigation  in  which  student  devises  a  method  of 
packaging  an  egg  so  that  the  egg  survives  a  6-metre  drop. 


RULES  FOR  PACKAGING 

You  may  use  any  or  every 
car  safety  feature  described 
in  this  minicourse.  The  only 
restriction  is  that  your 
package  may  not  measure 
more  than  20  centimetres  in 
length,  width,  or  depth. 


must  survive  a  6-metre  drop 
without  cracking. 


Sr 

1 

6  metres 


not  more 


than  20  cm 


not  more 
than  20  cm 


not  more 
than  20  cm 


Packaging  An  Egg 


Write  a  report  on  how  you  packaged  the  egg.  Use  a  well-labeled 
diagram  or  photograph  to  show  how  your  package  was  made. 
Write  a  brief  statement  on  what  happened  when  you  tried  it  out. 
Then  show  off  your  package  and  brag  about  it. 


Suggested  criteria  for  evaluation:  Was  package  successful  over 
several  trials?  Did  student  use  information  found  in  booklet, 
or  intuition  only?  Does  written  report  suggest  improved  designs? 
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You  may  prefer  not  to  supply  any 
materials,  leaving  the  students  to 
their  own  devices.  More  original 
designs  are  encouraged  when  the 
limitations  imposed  by  supplied 
items  are  absent. 


Activity 


ACTIVITY  EMPHASIS:  A  simu¬ 
lation  of  how  a  padded  dash¬ 
board,  a  safety  belt,  and  an  air¬ 
bag  system  help  to  protect  passen¬ 
gers  in  auto  crashes. 

MATERIALS  PER  STUDENT 
UNIT 

ramp,  metal  or  wooden,  1 .5  m  X 
30  cm;  cardboard  carton  or 
stacked  bricks,  40  cm  high;  mod¬ 
eling  clay,  3.5-cm  cube;  metric 
ruler;  car  assembly;  dynamics 
cart;  strong  rubber  bands;  chalk; 
rubber  tubing,  4  cm  long  and  1 
cm  outside  diameter;  thread;  2 
shoelaces,  or  cord  of  similar  di¬ 
ameter;  medium  weight  rubber 
bands;  small  rubber  balloon; 
masking  tape. 

The  barrier  should  be  (1)  high 
enough  to  stop  the  cart  com¬ 
pletely,  but  (2)  not  so  high  as  to 
prevent  the  full  forward  motion 
of  the  thrown  cube. 


Protecting  Passengers 


Seat  belts  and  shoulder  harnesses  hold  passengers  in  place. 
Ideally,  in  a  crash,  a  passenger  wearing  a  seat  belt  and  harness 
should  not  be  thrown  from  a  car.  And  that  person’s  body  should 
be  restrained  from  hitting  the  interior  of  the  car.  But  are  seat 
belts  and  harnesses  really  that  good? 

In  the  following  investigation  you’ll  make  and  test  a  padded 
dashboard,  a  safety  belt  system,  and  an  air  bag  system.  You’ll 
need  these  materials: 


A  peeled,  hard-boiled  egg  may  be 
substituted  for  the  clay  cube. 


ramp,  metal  or  wooden,  about  1.5  m  long  and  30  cm  wide 
cardboard  carton  or  stacked  bricks,  about  40  cm  high 
cube  of  modeling  clay,  3.5  cm  on  a  side 
metric  ruler 
car  assembly 
dynamics  cart  For  information 

about  the  car 

Strong  rubber  bands  assembly,  see  Advance  Prepara- 

chalk  tion,  p.  TM  6. 

rubber  tubing,  4  cm  long,  about  1  cm  in  diameter 
thread 

2  shoelaces,  or  cord  of  similar  diameter 
medium-weight  rubber  bands 
scissors 

small  rubber  balloon 
masking  tape 


A.  Set  up  the  materials  as  shown  in  the  drawing. 


B.  Use  soft  clay  to  model  a  “passenger”  as  shown.  Be  sure  that 
the  surface  of  the  passenger  is  smooth.  If  the  clay  is  hard, 
soften  it  by  working  it  in  your  hands. 
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C.  Put  the  car  assembly  on  the  cart.  It  should  overhang  the  end 
of  the  cart  by  about  1  centimetre.  Use  strong  rubber  bands 
to  hold  the  assembly  in  place.  Place  the  passenger  inside. 


The  clay  may  be  sticky  at  times, 
especially  if  it  is  pushed  down 
rather  than  only  rested  on  the  car 
assembly. 


D.  Place  the  cart  about  halfway  up  the  ramp.  Use  chalk  to  mark 
the  starting  position.  (You’ll  be  using  this  position  again.) 
Release  the  cart. 


\S  5-1 .  What  happened  to  the  passenger  when  the  cart  hit  the 

Wall?  5-1.  Passenger  was  thrown  forward  and  bounced  out  of  cart. 

5-2.  Examine  the  passenger.  Describe  any  damage  that 

Was  done.  5-2.  Deep  horizontal  groove  caused  by  "unpadded  dashboard." 

^  5-3.  in  a  car  crash,  injuries  occur  when  a  person  slams  5-3.  By  keeping  the  person  in  the 
into  the  dashboard.  How  might  these  injuries  be  lessened? 
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E.  Slit  the  rubber  tubing  as  shown  in  the  drawing.  Place  the 
tubing  over  the  dashboard.  You’ve  just  made  a  “padded 
dash.’’  Remodel  the  passenger  and  place  it  in  the  cart.  Put 
the  cart  at  the  starting  mark  on  the  ramp  and  release  it.  Ob¬ 
serve  what  happens  to  the  passenger  when  the  cart  hits  the 
wall. 


5-4.  What  is  the  major  advantage  of  a  padded  dash  over 

one  not  padded?  5-4.  Padded  dash  reduces  damage  done  to  people  who  are 
thrown  against  it. 

F.  Remodel  the  clay  passenger.  Make  one  ot  the  three  seat 
belts  shown  in  the  drawing.  Place  the  cart  on  the  ramp  at  the 
starting  mark.  Release  the  cart  and  observe  what  happens  to 
the  passenger.  Repeat  this  procedure  for  each  of  the  three 
types  of  seat  belts. 
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I/"  5-5.  Which  belt  (or  belts)  kept  the  passenger  from  striking 
the  dashboard?  Which  did  not? 

\S  5-6.  Which  belt  was  used  when  the  passenger  suffered  the 
least  injury?  5-6.  shoelace. 

1X5-7.  Which  belt  was  used  when  the  passenger  suffered  the 
most  injury?  5-7 .  string. 

^  5-8.  Describe  the  belt  that  gives  the  best  protection  to  a 
passenger. 

Many  people  say  seat  belts  are  bad  because  they  “trap  you  in  the 
car.”  These  people  think  that  it’s  better  to  be  thrown  out  of  the 
car  and  clear  of  the  crash.  But  crash  records  don’t  agree. 

G.  Remodel  your  passenger.  Choose  the  seat  belt  from  Step  F 
that  worked  the  best.  Make  a  shoulder  harness  from  the 
same  material  as  the  seat  belt.  Then  put  the  seat  belt  and 
shoulder  harness  around  the  passenger.  Place  the  cart  at  the 
starting  mark  on  the  ramp.  Release  the  cart. 


1x5-9.  Examine  the  passenger.  Describe  any  damage  that 

was  done.  5-9.  Very  little  damage,  if  any. 

^  5-10.  What  is  the  major  advantage  of  a  seat  belt-shoul¬ 
der  harness  system  over  a  seat  belt  system? 

You’ve  seen  how  a  padded  dashboard  and  a  seat  belt-harness 
system  protect  a  passenger.  Now  you’ll  see  what  an  air  bag  sys¬ 
tem  does. 


5-5.  Thread  and  shoelace  kept 
passenger  from  striking  dash¬ 
board;  rubber  band  stretched  too 
much. 


5-8.  The  shoelace  is  the  widest  of 
the  three  belts.  (Thus,  the  force  is 
distributed  over  a  larger  area, 
causing  less  damage.) 


5-10.  Seat  belt-shoulder  harness 
keeps  person  upright;  it  prevents 
jackknifing  at  the  hips  and  hitting 
the  dashboard  with  the  head. 
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Keep  the  clay,  it  can  be  reused.  H.  Remodel  the  clay  passenger  and  prepare  the  balloon  as 

shown.  Then  place  the  cart  at  the  starting  mark  on  the 
ramp.  Release  the  cart. 


1 .  Fill  the  balloon  with  just 
enough  air  to  support  its 
walls.  Tie  the  nozzle  end 
shut  with  thread.  Then 
tie  the  opposite  end 
shut.  This  prevents  the 
air  from  being  pushed 
into  either  end  of  the 
balloon. 

2.  Tie  the  balloon  to  the  car 
assembly  so  that  it  covers 
the  dashboard.  Press 
your  finger  into  the 
balloon.  The  balloon 
should  resist  so  that 

you  do  not  feel  the 
dashboard.  (You  may 
have  to  put  more  air  in 
the  balloon.) 

3.  Put  a  strip  of  tape  around 
the  sides  of  the  assembly 
to  keep  the  passenger 
inside. 


5-12.  The  air  bag  could  be  inflat¬ 
ed  more,  but  not  so  much  more 
that  the  passenger  merely  bounces 
off  it  without  any  redistribution 
of  the  energy. 

5-13.  They  slow  the  passengers' 
forward  motion  and  soften  the 
impact  of  the  second  collision. 

5-14.  This  may  be  a  matter  of 
opinion.  The  best  system  is  the 
seat  belt-shoulder  harness  or  the 
air  bag  or  both. 


\S  5-11.  Examine  the  passenger.  Describe  any  damage  that 

Was  done.  5-11.  If  the  air  bag  was  sufficiently  inflated,  little  if  any  damage  is 
seen. 

\S  5-12.  Describe  how  you  could  improve  the  passenger’s 
chance  of  being  uninjured.  Try  out  your  idea! 

^  5-13.  How  do  air  bag  systems  protect  passengers  from 
injuries  during  accidents? 

^  5-14.  What  is  the  best  possible  system  for  protecting 
passengers  inside  a  car? 
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Restraining  Systems— 
Seat  Belts 


Dummies  (life-size  dolls)  are  used  for  studying  results  of  safety 
tests.  The  photographs  in  Figures  6-1 , 6-2,  and  6-3  were  taken 
at  a  General  Motors  proving  (testing)  ground. 

The  car  in  Figure  6-1  had  seat  belts  but  they  weren’t  used.  A 
“child”  dummy  had  been  kneeling  in  the  back  seat,  looking  out 
the  back  window.  This  dummy  ended  up  against  the  front  wind¬ 
shield.  A  real  child  could  have  suffered  a  broken  back. 


Figure  6-1 


ACTIVITY  EMPHASIS:  A  de¬ 
scription  of  the  effects  of  seat 
belts  on  the  frequency  of  auto 
injuries  and  deaths  at  various  auto 
speeds. 


MATERIALS  PER  STUDENT 
UNIT 

Resource  Unit  2 


Notice  that  a  seat  belt  was  used  for  the  safety  test  shown  in  Fig¬ 
ure  6-2. 


Figure  6-2 
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In  Figure  6-3  the  dummy  is  wearing  a  seat  belt  and  shoulder  har¬ 
ness.  On  the  side  of  the  dummy’s  head  is  a  checked  strip  of 
tape.  Notice  the  head  stops  just  short  of  the  windshield  (Frame 
D).  Then  the  dummy  is  pulled  back  (Frame  E). 
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Figure  6-3 


✓  6-1.  Look  at  the  dummy  in  the  front  seat.  Did  the  dummy’s 
knees  hit  the  fire  wall  in  Figure  6-1?  In  Figure  6-2?  In  Figure 

6—3?  6-1.  Yes;  no;  no. 


✓  6-2.  Did  the  dummy’s  head  hit  the  dashboard  or  windshield 

in  Figure  6-1?  In  Figure  6-2?  In  Figure  6-3?  6.2.  Yes;  yes;  no. 

✓  6-3.  Did  the  dummy’s  head  go  through  the  windshield  in 

Figure  6-1?  In  Figure  6-2?  In  Figure  6-3?  6-3.  Yes;  no;  no. 

✓  6-4.  Based  on  your  answers  to  the  questions,  do  you  think 
seat  belts  reduce  injuries  in  car  crashes?  6.4  Yes. 
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Just  how  well  do  seat  belts  reduce  injuries?  In  one  survey,  Volvo 
investigated  thousands  of  accidents  in  Sweden.  Part  of  the  sur¬ 
vey  is  shown  in  Figures  6-4  and  6-5.  Notice  that  the  drivers 
were  “unbelted”  (Figure  6-4)  and  “belted”  (Figure  6-5).  The 
percentages  were  approximated  for  the  information  shown. 

The  following  questions  are  about  unbelted  drivers.  You’ll  need 
to  refer  to  Figure  6-4  when  answering  these  questions. 


Some  students  may  think  that 
higher  speeds  are  safer  because 
fewer  accidents  are  recorded  in 
Figures  6-4  and  6-5  for  speeds  of 
more  than  100  km/h.  Such  speeds 
aren't  safer.  Fewer  incidents  were 
recorded,  but  fatalities  represent  a 
larger  percentage  of  the  total. 


\S  6-5.  Were  any  drivers  killed  when  the  speed  was  less  than 
20  kilometres  (12  miles)  an  hour?  6-5.  Yes. 


✓  6-6.  At  what  speed  did  the  highest  percentage  of  accidents  6-6.  Between  20  km/h  and  40 

occur?  Flow  many  people  were  seriously  injured  or  killed  in  km/h;  55  people, 

those  accidents? 


✓  6-7.  Based  on  the  data,  at  what  speeds  should  seat  belts  be  6-7.  Ataii  speeds, 
fastened  so  as  to  prevent  serious  injury  or  death? 


TYPE  OF  INJURY 

SPEED  (kilometres  per  hour) 

Not 

moving 

Less 

than  20 

20-40 

About 

50 

About 

60 

70-90 

About 

100 

More 

than  100 

Total 

Fatal  injuries  (deaths) 

0 

2 

5 

2 

1 

13 

5 

9 

37 

Serious  injuries 

7 

12 

50 

44 

45 

74 

26 

5 

263 

Light  injuries 

35 

65 

245 

126 

115 

189 

40 

20 

835 

Non-injured 

2302 

4865 

7643 

2446 

1427 

1462 

175 

51 

20,371 

Total 

2344 

4944 

7943 

2618 

1588 

1738 

246 

85 

21,506 

Percentage  of  total 

accidents 

1 1 

23 

37 

12 

7 

8 

1 

1 

100 

Figure  6-4 
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INJURIES  TO  BELTED  DRIVERS 


TYPE  OF  INJURY 

SPEED  (kilometres  per  hour) 

Not 

moving 

Less 

than  20 

20-40 

About 

50 

About 

60 

70-90 

About 

100 

More 

than  100 

Total 

Fatal  injuries  (deaths) 

0 

0 

0 

0 

0 

0 

3 

3 

6 

Serious  injuries 

9 

3 

19 

25 

16 

60 

16 

13 

161 

Light  injuries 

47 

41 

106 

106 

72 

125 

38 

13 

548 

Non-injured 

2266 

4229 

6786 

2661 

2053 

2398 

297 

100 

20,790 

Total 

2322 

4273 

6911 

2792 

2141 

2583 

354 

129 

21,505 

Percentage  of  total 

accidents 

1 1 

20 

32 

13 

9 

12 

2 

1 

100 

Figure  6-5 


Questions  6-8,  6-9,  and  6-10  are  about  belted  drivers.  Refer  to 
Figure  6-5  when  answering  these  questions. 


\S  6-8.  What  was  the  slowest  speed  at  which  a  driver  was 

killed?  6.8  About  100  km/h. 

6  9  Between  20  km/h  and  40  ^  6-9.  At  what  speed  did  the  highest  percentage  of  acci- 

km/h;  19  people.  dents  occur?  How  many  people  were  seriously  injured  or 

killed  in  those  accidents? 


6-10.  The  belts  prevent  passen¬ 
gers  from  hitting  the  windshield, 
instrument  panel,  or  steering 
wheel  too  hard. 

6-11.  Even  at  low  speeds  people 
sustain  serious  injuries  or  are 
killed  unless  they're  using  seat 
belts. 


^  6-10.  Consider  the  speed  you  chose  for  Question  6-9. 
How  do  seat  belts  improve  the  chance  of  not  being  seriously 
injured  or  killed  at  that  speed? 

^  6-11.  Some  drivers  wear  seat  belts  only  when  driving  at 
high  speeds.  What  do  you  see  in  the  survey  (Figures  6-4 
and  6-5)  that  suggests  seat  belts  should  be  worn  at  all 
times? 
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Look  at  the  graph  in  Figure  6-6.  The  bars  make  it  easy  to  com¬ 
pare  the  injuries  of  10,000  unbelted  drivers  with  the  injuries  of 
10,000  belted  drivers.  The  colored  bars  are  for  the  belted 
drivers;  the  other  bars  are  for  the  unbelted  drivers.  Minor  injuries 
to  arms  and  legs  are  not  included. 


Have  Resource  Unit  2  available  to 
aid  students  in  reading  the  graph. 


INJURIES  TO  UNBELTED  AND  BELTED  DRIVERS 
TYPE  OF  INJURY 


Fatal  fracture 

of  backbone 

Serious  injury  to  chest 


Slight  injury  to  chest 


Body  sprains 
and  bruises 


Fatal  injuries 
to  abdomen 


Serious  injuries 
to  abdomen 


Serious  injuries  to  spine 


Serious  fracture  to  pelvis 


Serious  injuries  to  arms 


Serious  injuries  to  legs 


40  50  60  70  80  90  100  110  120 

NUMBER  OF  INJURIES 


Figure  6-6 
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6-12.  All  of  them. 

6-13.  Skull,  backbone,  and  abdo¬ 
men  injuries.  In  unbelted  situa¬ 
tions,  these  injuries  could  occur 
while  the  body  is  being  thrown 
about  inside  the  car  or  after  the 
body  has  been  thrown  from  the 
car. 

6-14.  Slight  injury  to  chest.  This 
could  be  prevented  by  air  bags  or 
by  collapsible  steering  wheels. 


Refer  to  Figure  6-6  when  answering  these  questions.  If  you 
have  trouble  reading  the  graph,  refer  to  Resource  Unit  2. 

^  6-12.  Which  serious  or  fatal  injuries  were  reduced  in 
number  by  the  use  of  seat  belts? 

^  6-13.  Which  injuries  killed  unbelted  drivers  but  did  not 
kill  belted  drivers?  Describe  how  these  injuries  may  have 
happened. 

✓  6-14.  Which  injury  happened  as  much  to  belted  drivers  as 
to  unbelted  drivers?  Suggest  some  safety  features  that  would 
prevent  this  injury  from  happening. 


As  you  can  see,  seat  belts  are  very  effective.  In  fact,  the  NHTSA 
(National  Highway  Traffic  Safety  Administration)  strongly  sup¬ 
ports  the  use  of  seat  belts.  NHTSA  feels  that  if  everyone  wore  a 
seat  belt,  deaths  would  decline  by  about  40  percent  and  injuries 
by  about  28  percent. 


Restraining  Systems— 

Air  Bags 

ACTIVITY  EMPHASIS:  A  description  of  the  advantages  and  disadvantages  of  air 
bags  as  a  restraining  system. 


MATERIALS  PER  STUDENT 

UNIT 

None. 


Buzzers  and  flashing  lights 
are  made  to  annoy  you. 

They  force  you  to  buckle  up 
so  that  you  can  have  some 
peace  and  quiet. 


But  a  light  can  be  ignored;  a 
bag  of  groceries  or  a  pet 
can  set  off  a  buzzer. 
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All  modern  cars  have  seat  belts.  A  seat  belt  combined  with  a 
shoulder  harness  is  a  cheap  and  effective  restraining  system. 
But  many  people  just  won’t  buckle  up.  And  a  seat  belt  hanging 
on  its  hook  doesn’t  do  much  good. 


A  homework  assignment  might  be 
to  visit  an  auto  dealership  and  see 
the  three  types  of  restraining 
systems  described  in  this  mini¬ 
course. 


to  power  supply 


air  tank  and  inflator  assembly 


7-1.  What  is  the  dashboard  sensor  attached  to? 


There  are  other  restraining  systems  besides  seat  belts.  One  is 
the  air  bag  system.  It  was  first  introduced  in  test  cars  in  1973. 
The  air  bag  system  is  a  passive  restraint;  the  motorist  does  not 
have  to  do  anything.  That’s  why  many  people  think  air  bags  are 
less  troublesome  than  belts.  The  parts  of  an  air  bag  system  are 
shown  in  Figure  7-1 .  These  parts  cannot  be  seen  when  the  sys¬ 
tem  is  actually  installed  in  a  car. 


driver  cushion  and 
inflator  assembly 


dashboard  sensor 


front  bumper  detector 


contacts 


weight 


I/"  7-2.  List  the  three  parts  of  the  sensor. 


7-1.  The  driver  cushion  and  in- 


7-2.  Magnet,  weight,  contacts. 

When  a  car  is  going  about  19  kilometres  (12  miles)  an  hour  or 
more,  and  crashes,  the  air  bag  system  is  set  off.  The  bags  fill 
with  air  in  a  fraction  of  a  second.  They  stop  the  motorist  from 
slamming  into  the  steering  wheel,  dashboard,  or  windshield. 
Then  the  bags  deflate  so  that  the  motorist  is  not  trapped  inside 
the  car.  The  pictures  in  Figure  7-2  show  what  happens. 


flator  assembly,  the  indicator 
warning  light,  the  air  tank  and 
inflator  assembly,  and  the  power 
supply. 
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2  TIME:  0.00  (INSTANT  OF 
IMPACT) 


7  TIME:  0.10  SECOND  AFTER 
IMPACT 

MOMENTUM  REVERSES 


8  TIME:  0.50  SECOND  AFTER 
IMPACT 

Air  Bags  Deflated 


magnet 


SENSOR  AT  IMPACT 


magnet 


contacts 


weight 


The  torce  of  collision  pushes 
the  weight  ahead  until  it  hits 
the  contacts;  a  signal  is  sent 
to  the  inflation  assembly  to 
activate  the  air  tank;  the  air 
bags  are  inflated. 


3  TIME:  0.02  SECOND  AFTER 
IMPACT-air  bags  begin  to 

INFLATE 


4  TIME:  0.04  SECOND  AFTER 
IMPACT-air  bags  fully 

INFLATED 


6 TIME:  0.08  SECOND  AFTER 
IMPACT 

FORWARD  MOTION  STOPPED 


The  car  stops;  the  magnet 
attracts  the  weight;  the 
signal  is  no  longer  sent  to 
the  inflator  assembly;  the  air 
tank  stops  inflating  the  air 
bags;  and  air  leaves  the  air 
bags. 


TIME:  JUST  BEFORE  IMPACT 
NORMAL  CAR  OPERATION 


SENSOR  BEFORE  IMPACT 


contacts 


The  magnet  holds  the  weight 
away  from  the  contacts;  the 
air  bags  don’t  fill. 


5  TIME:  0.06  SECOND  AFTER 
IMPACT-impact  dispersion 


SENSOR  AFTER  IMPACT 


weight 
magnet 


contacts 


Figure  7-2 

\S  7-3.  How  long  after  impact  does  it  take  for  an  air  bag  to 
become  fully  inflated?  7-3.  0.04  second. 


30  CORE 


In  a  head-on  collision,  the  air  bag  is  probably  better  than  a  seat 
belt.  The  bag  is  in  contact  with  a  large  portion  of  a  person’s 
body.  This  means  that  the  force  of  impact  is  spread  over  much 
of  the  body.  But  air  bags  do  not  stop  a  motorist  from  being 
thrown  out  of  the  car  when  it  rolls  over  or  is  in  a  side  collision. 
And  air  bags  do  not  inflate  in  low-speed  crashes,  rear-end  im¬ 
pacts,  or  during  sharp  turns  that  are  made  to  avoid  objects. 

The  photographs  in  Figure  7-3  show  an  air  bag  system  in  ac¬ 
tion.  The  pictures  were  taken  during  a  test  collision.  Frame  1 
was  taken  about  0.04  second  after  impact.  The  bag  is  com¬ 
pletely  inflated  when  the  dummy  just  begins  to  leave  its  seat. 

In  Frame  2,  the  bag  is  cushioning  the  dummy’s  forward  move¬ 
ment.  Notice  the  large  area  of  the  dummy’s  body  that  is  in 
contact  with  the  bag. 

Frame  3  shows  the  most  forward  position  reached  by  the 
dummy.  The  bag  still  cushions  the  motion.  In  Frames  4  and  5, 
the  pressure  of  the  bag  returns  the  dummy  to  an  upright  posi¬ 
tion.  It  takes  only  0.1  second  for  everything  to  happen  in  Frames 
1  through  5.  The  bag  remains  fully  inflated  for  less  than  0.08 
second. 

1  2 


3  4  5 

Figure  7-3 
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7-4.  No.  Vision  is  blocked  for 
only  about  0.1  second.  And  when 
cars  stop  so  fast  that  the  air-bag 
systems  are  activated,  something 
beyond  the  drivers'  control  must 
be  affecting  the  cars.  So  the  driv¬ 
ers  couldn't  do  much  even  if  they 
could  see.  It  could  be  dangerous, 
however,  if  a  system  were  acti¬ 
vated  by  a  rough  bump  in  the 
road,  such  as  a  railway  crossing. 
The  sudden  inflation  could  dis¬ 
orient  a  driver,  preventing  him  or 
her  from  steering  out  of  trouble. 

7-5.  A  rear-end  collision,  a  side 
collision,  or  a  rollover. 

7-7.  Choice  d;  air  bag  does  more 
to  spread  out  the  force  of  impact, 
and  the  lap-shoulder  belt  prevents 
motorist  from  being  thrown  out 
of  the  car. 


1X7-4.  Look  at  Figure  7-2  and  Figure  7-3.  Do  you  think 
drivers  should  worry  about  having  their  vision  blocked  by  air 
bags?  Explain  your  answer. 

In  some  collisions  a  car  crashes  two  or  more  times.  The  car  may 
hit  two  other  cars,  two  different  objects,  or  a  car  and  an  object. 
If  the  air  bags  fill  up  on  the  first  impact,  they  may  be  partly  or  fully 
deflated  by  the  next  impact. 

^  7-5.  Describe  two  situations  in  which  seat  belts  might 
do  better  than  air  bags  in  protecting  passengers. 

^  7-6.  What  is  the  biggest  advantage  of  air  bags  over  seat 
belts'? 

7-6.  Their  use  is  not  dependent  on  the  passengers.  People  can't 
A  make  excuses  for  not  putting  this  safety  system  into  effect. 

^  7-7.  There  are  four  restraining  systems  listed  below. 
Which  is  the  most  effective  in  a  high  speed  head-on  colli¬ 
sion?  (Assume  that  there  is  no  fire  or  explosion.)  Why  is  it 
the  most  effective? 

a.  lap  belt  system 

b.  lap-shoulder  belt  system 

c.  lap  belt  system  and  air  bag  system,  together 

d.  lap-shoulder  belt  system  and  air  bag  system,  together 


The  system  you  chose  for  Question  7-7  probably  would  be  very 
expensive.  But  your  life  is  well  worth  the  expense! 
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Should  There  Be  A  Low? 


ACTIVITY  EMPHASIS:  A  discus¬ 
sion  of  the  pros  and  cons  of  a  law 
requiring  the  wearing  of  lap- 
shoulder  seat  belts. 

MATERIALS  PER  STUDENT 
UNIT 

cassette  tape  for  Packaging  Pas¬ 
sengers 

cassette  player,  preferably  with 
headphones 


When  something  goes  wrong,  there’s  always  someone  around 
who  says,  “There  ought  to  be  a  law.”  But  who  decides  which 
laws  are  really  needed?  Well,  in  this  case,  you  decide. 

The  law  to  consider  is  one  that  will  make  all  motorists  wear 
lap-shoulder  seat  belts.  Before  you  decide  whether  or  not  the 
law  is  needed,  listen  to  some  student  arguments  against  it.  Find 
the  tape  for  Packaging  Passengers  and  listen  to  the  band  for  Ac¬ 
tivity  8. 

When  you  finish  listening  to  the  tape,  review  the  student  argu¬ 
ments.  They  are  listed  in  Figure  8-1.  Also  listed  is  a 
counter-argument  for  each  argument. 
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Figure  8-1 
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STUDENT  ARGUMENTS 

AGAINST  A 

SEAT-BELT  LAW 

COUNTER-ARGUMENTS  IN 

FAVOR  OF 

A  SEAT-BELT  LAW 

1 .  You  couldn’t  enforce  the 

1 .  Offenders  would  be 

law. 

obvious  in  a  collision.  In 

fact,  they  could  be 

arrested  “by  windshield.’’ 

2.  A  seat-belt  law  would 

2.  People  disabled  by 

infringe  on  my  personal 

accidents  must  be 

rights. 

supported  by  friends, 

relatives,  or  the  public. 

So  the  individual  is  not 

the  only  one  involved. 

3.  Seat  belts  are 

3.  Injuries  are  uncomfortable 

uncomfortable  on  long 

and  are  usually  longer 

trips. 

lasting. 

4.  Seat  belts  are  a  nuisance 

4.  Casts  and  hospitals  are  a 

on  short  trips. 

nuisance  too. 

5.  You  might  get  trapped  in 

5.  Being  trapped  in  a  car  is 

the  car  during  an 

better  than  being  thrown 

accident. 

from  it  or  trapped  under 

if 

6.  The  law  would  be  unfair 

11. 

6.  Replacing  the  seat  belts 

to  motorists  of  older  cars 

in  older  cars  is  cheaper 

with  separate  lap  and 

than  doctors’  fees  or 

shoulder  belts.  It  is  a 

funeral  expenses. 

great  inconvenience  to 

buckle  up  two  belts. 

7.  The  law  would  be 

7.  Who  wants  to  stake  their 

unpopular. 

life  on  a  popularity 

contest?  Insurance 

premiums  might  be  lower 

if  a  law  was  passed —that 

would  be  popular! 

8.  Belted  drivers  would  feel 

8.  A  driver  who  buckles  up 

secure  and  take  more 

is  safety  conscious  and 

risks. 

probably  would  not  take 

more  risks. 

1.  Draw  two  tables  like  those  in  Figure  8-2.  Decide  whether 
you  agree  with  Argument  1  or  with  Counter-Argument  1 
(listed  in  Figure  8-1).  Do  you  agree  or  strongly  agree? 
Mark  an  X  in  the  appropriate  column.  Follow  the  same  pro¬ 
cedures  for  the  rest  of  the  arguments  and  their 
counter-arguments. 

2.  Count  the  number  of  Xs  in  each  column  and  record  the 
totals. 

3.  For  the  Arguments,  multiply  each  “strongly  agree’’  total  by 
5,  and  each  “agree’’  total  by  2.  Then  add  the  products  and 
record  the  sum.  Do  the  same  for  the  Counter-Arguments. 

Which  sum  is  greater?  If  the  sum  for  the  arguments  is  greater, 
you  agree  with  the  students.  You  think  there  should  not  be  a 
seat-belt  law.  If  the  sum  for  the  counter-arguments  is  greater, 
you  think  there  should  be  a  seat-belt  law. 

OPINION  SURVEY  FOR  SEAT-BELT  LAW 


ARGUMENT 

STRONGLY 
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Figure  8-2 


\S  8-1.  Do  you  think  there  should  be  a  federal  law  that  requires  s-i.  Answers  and  explanations 

all  motorists  to  wear  seat  belts?  Explain  the  reasons  for  your  wiiivary. 

opinion. 
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1X8-2.  Look  at  Figure  8-1 . 

a.  Which  arguments  are  opinion?  (They  cannot  be  supported 
by  evidence  or  checked  for  accuracy.)  8.2.  a.  2,3,  4,  6 

b.  Which  counter-arguments  are  opinion?  t>.  4 

.  8-3.  a.  1,  5,  7, 8 

8-3.  Look  again  at  Figure  8-1 .  b.  i,  2,  3,  5,  6,  i,  8 

a.  Which  arguments  are  based  on  facts?  (They  can  be  sup¬ 
ported  by  evidence  or  checked  for  accuracy.) 

b.  Which  counter-arguments  are  based  on  facts? 

8-4.  Based  on  your  answers  to  Questions  8-2  and  8-3, 
which  are  stronger,  the  arguments  or  the  counter-arguments? 

8-4.  The  counter-arguments. 

^  8-5.  Which  of  the  following  statements  seems  to  be 
more  reasonable  (based  on  facts)? 

a.  A  federal  law  requiring  motorists  to  wear  seat  belts  is 
an  infringement  on  your  rights. 

b.  A  federal  law  requiring  motorists  to  wear  seat  belts  is 
for  the  common  good,  according  to  accident  statistics. 

8-5.  Choice  b. 

Suppose  several  years  have  passed  and  there  have  been  a  lot  of 
changes  in  travel  safety  devices.  There  is  a  new  way  to  package 
passengers.  Seat  belts  and  air  bags  aren’t  used  anymore. 
There  is  even  a  new  type  of  transportation.  A  discussion  about 
the  merits  of  a  seat-belt  law  seems  pretty  outdated.  But  is  it? 

^  8-6.  Which  of  the  following  statements  show  that  the 
seat-belt-law  discussion  may  be  useful  to  you  in  the  future? 
Explain  how  the  statements  may  be  useful. 

8-6.  Answers  may  vary,  but  all  five  choices  are  appropriate.  The  statements 
present  considerations  that  you  can  apply  to  a  variety  of  situations. 

a.  There  can  be  good  arguments  for  all  sides  of  a  ques¬ 
tion. 

b.  What  you  do  often  affects  others. 

c.  You  can  combine  other  people’s  ideas  with  your  own 
and  come  to  good  conclusions. 

d.  The  problems  created  by  technology  (such  as  cars  that 
go  too  fast)  often  can  be  solved  by  technology  (the  in¬ 
vention  of  restraining  devices). 

e.  Laws  are  usually  made  for  the  common  good.  What 
seems  like  a  good  law  to  some  people  may  seem  very 
unfair  to  others.  For  this  reason,  we  must  carefully 
consider  all  arguments  before  we  make  new  laws  or 
throw  away  old  ones. 


36  CORE 


Conservation  Of  Energy 
In  Crashes 


When  your  car  is  running,  it’s  exerting  effort  to  do  a  job:  your  car 
is  working  for  you.  The  car  shown  in  Figure  9-1  is  doing  work. 
It’s  using  energy  to  get  the  people  from  one  place  to  another. 


Figure  9-1 


A  car  is  really  an  energy-converting  device.  As  soon  as  the  car 
is  started,  the  stored  energy  in  the  gasoline  is  converted  to  heat 
energy  and  motion  energy.  As  the  gasoline  is  ignited,  the  stored 
energy  becomes  heat  energy.  As  the  engine  parts  and  transmis¬ 
sion  parts  begin  to  move,  much  of  the  heat  energy  becomes 
motion  energy.  Motion  energy  is  also  called  kinetic  energy. 

When  the  car  reaches  a  steady  speed,  the  engine  uses  energy 
from  the  gas  to  overcome  friction.  There  is  friction  caused  by  the 
car’s  moving  parts,  by  the  tires  against  the  road,  and  by  wind 
resistance.  As  the  car  pushes  the  air  aside,  the  motion  energy 
becomes  heat  energy.  The  air  carries  away  this  heat  energy. 
When  you  brake  the  car  to  slow  it  down,  the  car’s  motion  energy 
is  changed  to  heat  energy  in  the  brakes  or  possibly  the  tires. 


ACTIVITY  EMPHASIS:  A  de¬ 
scription  of  how  energy  is 
changed  or  transferred  but  not 
destroyed  in  car  crashes. 


MATERIALS  PER  STUDENT 
UNIT 

cassette  tape  for  Packaging  Pas¬ 
sengers 

cassette  player,  preferably  with 
headphones 
Resource  Unit  18 
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It  may  seem  that  some  energy  is  lost  from  the  time  the  car  is 
started  until  it  is  stopped.  But  energy  is  not  lost.  It  is  changed 
from  one  form  to  another.  The  chemical  energy  of  the  gasoline 
is  changed  to  heat  and  motion  energy.  Then  a  lot  of  the  motion 
energy  is  changed  to  heat  energy:  warm  air,  warm  water,  warm 
metal,  and  so  on. 

The  car  example  is  not  the  only  case  in  which  energy  changes 
in  form  but  not  in  amount.  In  fact  this  is  true  of  all  energy 
changes  in  all  things,  natural  or  synthetic.  Scientists  sum  this  up 
as  the  law  of  conservation  of  energy: 

Energy  can  be  changed  from  one  form  to  another,  but  it  cannot 
be  created  or  destroyed. 

9-1.  Heat,  electrical,  mechanical.  ✓  9-1.  Some  forms  of  energy  are  shown  in  the  drawing. 

Which  ones  are  used  to  move  the  car? 
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The  front  bumper  collapses 
the  grill  is  pushed  in. 

The  engine  is  pushed 
backward  into  the  fire  wall. 


How  does  the  law  of  conservation  of  energy  apply  to  car 
crashes?  A  lot  of  things  are  changed  during  a  crash.  Let’s  in¬ 
vestigate  some  of  these  changes.  Get  the  tape  for  Packaging 
Passengers  and  listen  to  the  band  for  Activity  9.  You  may  want 
to  look  at  Frames  1-6,  here  and  on  the  next  page,  as  you  listen. 


The  car  is  moving  along 
when  suddenly  .  .  . 


rubber  is  left  for  45  metres 
(150  feet)! 


Glass  flies. 


The  back  end  jumps  up  30 
centimetres. 
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The  air  bags  inflate  in  time! 
The  passengers  are  pushed 
back  into  their  seats.  Ob¬ 
jects  in  the  car  fly  forward: 
some  fly  out  of  the  window, 
others  hit  the  windshield 
and  reverse  direction. 


The  passengers  are  thrown 
forward. 


'  \  '  t  i  * 
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0-7. 
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There’s  the  smell  of  hot 
rubber,  steam,  charred 
paint,  and  burning 
insulation.  The  dust  is 
settling  and  the  people 
are  beginning  to  move 
around. 


The  crash  is  over! 


During  the  crash,  the  energy  of  motion  of  the  moving  car  was 
changed  to  other  forms  of  energy.  There  was  no  energy  created 
and  no  energy  destroyed:  the  energy  was  conserved. 


The  amount  of  motion 
energy  before  the  crash  .  .  . 


equals 


the  amount  of  energy  transferred  to 
other  parts  of  the  car  and  the  bridge. 
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The  tires  are  smoking. 


The  energy  of  motion  of  the 
car  is  changed  to  friction 
which  is  changed  to  heat. 
(The  friction  occurs  between 
the  tires  and  the  pavement.) 


car  is  changed  to  energy  of 
motion  of  the  bridge. 


The  engine  is  pushed 
backward  into  the  fire  wall. 


The  energy  of  motion  of  the 
car  is  changed  to  energy  of 
motion  of  the  engine. 


Glass  flies  as  package  hits 
windshield.  Some  of  the 


energy  of  motion  of  the 
package  and  car  is 
changed  to  energy  of  mo¬ 
tion  of  the  windshield. 


★  9-2.  The  passengers  shown  on  pages  39  and  40  were 
hardly  injured.  Before  the  crash  they  were  traveling  at  the 
same  speed  as  the  car.  At  the  end  their  motion  had  stopped. 
What  happened  to  the  energy  of  motion  of  the  passengers? 

^  9-3.  In  your  own  words,  state  how  the  law  of  conserva¬ 
tion  of  energy  applies  to  car  crashes. 

This  may  be  the  first  time  you’ve  met  the  law  of  conservation  of 
energy.  If  so,  don’t  worry  if  the  meaning  isn’t  completely  clear. 
You’ll  study  conservation  of  energy  agau .  in  other  minicourses. 
However,  if  you’ve  seen  this  law  before,  and  are  feeling  uneasy 
about  it,  you  may  want  to  read  Resource  Unit  18.  It  describes 
conservation  of  energy  in  more  detail. 


9-2.  It  was  transferred  to  other 
forms  of  energy. 


9-3.  As  a  car  comes  to  a  rapid 
halt,  the  energy  of  motion  of  the 
car  and  its  contents  is  trans¬ 
formed  to  other  forms  of  energy, 
mostly  heat. 
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Activity  ]]  Page  43 


Objective  10:  Calculate  the  total 
momentum  and  total  velocity  of  au¬ 
tomobiles  in  inelastic  collisions. 

Sample  Question:  A  2000-kilogram 
(4400  pound)  car  is  traveling  30  kilo¬ 
metres  (18  miles)  an  hour.  It  collides 
head-on  with  a  4000-kilogram  (8800 
pound)  car  traveling  at  40  kilometres 
(24  miles)  an  hour  in  the  opposite  di¬ 
rection.  What  is  the  total  momentum 
and  total  velocity  after  the  collision?  In 
what  direction  is  the  momentum? 


M  ii  ■ 
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Objective  1 1 :  Use  vectors  to  calcu¬ 
late  the  resultant  force  on  a  car 
traveling  around  a  curve. 

Sample  Question:  Suppose  you  and 
your  car  have  a  total  mass  of  1000 
kg:  Suppose  you  are  traveling  at  80 
km  per  hour  and  come  into  a  150- 
metre  radius  curve.  You  speed  up  4 
metres  per  second  in  one  second. 
What  resultant  force  (in  newtons)  will 
be  exerted  on  your  car  by  the  road? 
Will  your  car  skid  on  dry  concrete? 
(Use  Figures  12-5,  12-6,  and  12-8.) 


mmm 
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Objective  12:  Apply  Newton’s  Sec¬ 
ond  Law  of  Motion  to  automotive 
situations  involving  acceleration. 

Sample  Question:  A  car  is  stalled. 
Four  people  push  it  to  get  it  started. 
The  mass  of  the  car  is  1 000  kg  includ¬ 
ing  the  driver.  The  car  will  start  once 
it’s  going  14.4  kilometres  per  hour  or 
4  metres  per  second.  Flow  much 
force  do  the  people  pushing  have  to 
apply  so  that  the  car  will  start  after  30 
seconds? 


Answers 

10.  —16.7  km/h  in  the  direction  that  the 
4000-kilogram  car  was  traveling. 

11.  About  5200  newtons.  No,  it  will  not 
skid.  12.  About  133  newtons. 


mm 


ACTIVITY  EMPHASIS:  Students  apply  the  law  of  conservation  of  momentum  to 
simulated  auto  collisions.  Safety  design  is  related  to  the  change  in  momentum 
after  a  collision. 


Calculating  Collision 
Momentum 


Three  different  collisions  are  shown  in  Figures  11-1,  11-2,  and 
1 1-3.  In  each  collision,  the  vehicles  crashed  head-on  while  trav¬ 
eling  in  opposite  directions.  The  vehicles’  speeds  before  impact 
are  shown  in  kilometres  per  hour  (km/h).  If  you  need  to  review 
metric  units,  read  Resource  Unit  14. 


MATERIALS  PER  STUDENT 
UNIT 

Resource  Unit  14 


JUST  BEFORE  IMPACT 


COLLISION  1 


AT  IMPACT 


point  of  impact 


JUST  AFTER  IMPACT 


I  I  ■  .  I  ■  .  —  I  —  I.  I  — ■ 


Two  cars,  exactly  the  same 
model,  crashed.  Both  were 
traveling  20  kilometers  (12 
miles)  an  hour. 


Figure  1 1—1 


11-1.  In  Collision  1,  where  did  both  cars  stop  after  they 

Crashed?  11-1.  At  the  point  of  impact. 


COLLISION  2 


JUST  BEFORE  IMPACT  AT  IMPACT 


point  of  impact 


A  small  car  going  20  kilometres 
(12  miles)  an  hour  crashed  into 
a  heavy  truck  going  the  same 
speed.  The  truck  was  slowed 
down  but  continued  to  move 
forward,  pushing  the  car 
backward. 


Figure  1 1-2 
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11-2.  To  the  left  of  the  point  of 
impact. 


1^11-2.  In  Collision  2,  where  did  both  the  car  and  truck  stop 
after  they  crashed? 


COLLISION  3 


JUST  BEFORE  IMPACT  AT  IMPACT 


JUST  AFTER  IMPACT 


A  car  going  60  kilometers  (36 
miles)  an  hour  crashed  into  a 
similar  car  going  20  kilometers 
(1 2  miles)  an  hour.  Thefasterj 
car  was  slowed  down  but  con¬ 
tinued  to  move  forward,  push¬ 
ing  the  other  car  backward. 


Figure  1 1-3 

1 1-3.  To  the  right  of  the  point  of  i^i  1-3.  In  Collision  3,  where  did  both  cars  stop  after  they 

impact.  crashed? 


11-4.  The  truck  had  a  greater 
mass. 


11-5.  One  car  was  moving  at  a 
greater  speed. 


In  a  collision,  the  effect  a  vehicle  has  on  the  object  it  hits  depends 
on  two  things: 

1 .  its  mass 

2.  its  speed 

i^i  1-4.  In  Collision  2,  why  did  the  truck  have  a  greater  effect 
than  the  car?  (Remember,  both  were  moving  at  the  same 
speed.) 

^  ii-5.  In  Collision  3,  why  did  one  car  have  a  greater  ef¬ 
fect  than  the  other  car?  (Remember,  both  cars  had  the 
same  mass.) 
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You’ve  seen  the  effect  a  moving  object  has  when  it  hits  another 
object.  This  effect  depends  on  the  speed  and  mass  of  the  mov¬ 
ing  object.  Newton  called  the  combination  of  speed  and  mass 
the  quantity  of  motion.  It  is  what  physicists  now  call  momen¬ 
tum.  And  physicists  have  a  formula  for  momentum: 


momentum  =  mass  x  velocity 

=  m  x  V 


Total  momentum  is  unchanged 
before,  during,  and  after  the  colli¬ 
sion  because  the  acting  forces 
come  from  within  the  system 
itself. 


The  mass  m  is  the  amount  of  matter  that  makes  up  a  body.  The 
velocity  V  of  a  body  is  often  called  its  speed.  But  velocity  is  really 
the  speed  of  a  body  in  a  particular  direction.  (The  arrow  over  the 
v  shows  that  the  motion  has  direction.) 

In  a  collision,  the  total  momentum  just  before  impact  is  the  same 
as  the  total  momentum  just  after  impact.  This  is  known  as  the  law 
of  conservation  of  momentum.  The  law  is  true  no  matter  how  many 
bodies  are  involved.  And  the  “total  momentum’’  is  the  sum  of  the 
momentums  of  all  the  bodies  involved. 


An  elastic  collision  occurs  when 
the  kinetic  energy  as  well  as  the 
momentum  are  conserved. 

An  inelastic  collision  occurs  when 
some  of  the  kinetic  energy  is 
absorbed  during  impact  and  is 
transformed  into  other  forms  of 
energy.  All  of  the  cases  treated 
here  are  examples  of  inelastic 
collisions. 


LAW  OF  CONSERVATION  OF  MOMENTUM 

TOTAL  MOMENTUM  JUST  BEFORE  IMPACT  =  TOTAL  MOMENTUM  JUST  AFTER  IMPACT 


JUST  BEFORE  IMPACT  JUST  AFTER  IMPACT 


ADVANCED  45 


11-6.  Yes;  momentum  is  con¬ 
served  regardless  of  the  masses 
and  velocities  involved.  The  law 
of  conservation  of  momentum  ap¬ 
plies  to  any  collision. 


In  other  words,  these  are  inelastic 
collisions.  The  total  kinetic  ener¬ 
gy  is  less  after  impact. 


\S  11-6.  Suppose  two  cars  of  different  mass  and  velocity  col¬ 
lide  head-on.  Is  the  momentum  conserved?  Why? 

Now,  let’s  apply  the  idea  of  conservation  of  momentum  to  the 
three  collisions  described  earlier.  To  simplify  the  discussion, 
we’ll  make  the  following  assumptions  about  the  collisions: 

1.  The  vehicles  were  the  only  bodies  involved. 

2.  The  vehicles  were  moving  in  opposite  directions  on  one  lane 
of  a  two-lane  road. 

3.  After  impact,  the  vehicles  remained  locked  together  and  did 
not  bounce  apart. 


Real  crashes,  of  course,  rarely  fit  these  assumptions.  But  the 
assumptions  help  us  to  investigate  a  head-on  crash. 

In  each  collision,  the  velocities  of  the  two  vehicles  were  oppo¬ 
site  in  direction.  We’ll  call  one  direction  positive  and  the  other 
direction  negative.  So  the  velocities  were  also  positive  and  nega¬ 
tive.  In  this  activity  we’ll  use for  positive  velocity,  and  V  for 
negative  velocity.  The  way  the  arrow  points  indicates  positive 
(— 0  or  negative  (*-)  velocity.  Now  let’s  go  back  to  the  collisions. 


COLLISION  1 


JUST  BEFORE  IMPACT 


AT  IMPACT 


In  Collision  1 ,  the  vehicles  have  equal  masses.  Before  impact, 
they  were  traveling  at  the  same  speed.  Suppose  the  mass  of 
each  car  was  2000  kilograms  (4400  pounds)  and  the  speed  was 
20  kilometres  (1 2  miles)  per  hour.  What  was  the  total  momentum 
before  impact? 
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Momentum  of  A  =  m  x  V 


point  of  impact 


Momentum  of  B  =  m  x  v 


JUST  BEFORE  IMPACT 


=  (2000  kg)  x  (20km /h) 
=  40,000  kg.km/h 


=  (2000  kg)  x  (-20  km/h) 
=  —40,000  kg.km/h 


Total  Momentum 


Momentum  of  A  +  Momentum  of  B 
(40,000  kg.km/h)  +  (—40,000  kg. km  h) 
0  kg.km/h 


The  total  momentum  of  the  two  cars,  before  impact,  was  zero. 
Does  that  seem  strange  to  you?  Remember,  the  cars  were  of  the 
same  mass  and  were  going  the  same  speed.  But  they  were 
going  in  opposite  directions! 

Predict  the  total  momentum  of  the  two  cars  after  impact.  Base 
your  prediction  on  the  law  of  conservation  of  momentum.  Then 
calculate  the  total  momentum.  Notice  that  neither  car  moved 
after  impact.  So,  after  impact,  the  velocity  of  each  car  was  zero. 


point  of  impact 


Momentum  of  A 


m  x  v 

(2000  kg)  x  (0  km/h) 
0  kg.km/h 


Momentum  of  B  =  m  x  v 

=  (2000  kg)  x  (0  km  /h) 
=  0  kg. km  h 


Total  Momentum  =  Momentum  of  A  +  Momentum  of  B 

=  (0  kg.km/h)  +  (0  kg.km/h) 

=  0  kg.km/h 


\S  11-7.  Was  the  total  momentum  before  impact  equal  to  the 
total  momentum  after  impact?  n-?-  Yes- 
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COLLISION  2 


Note  that  while  momentum  was 
conserved,  kinetic  energy  was  not. 
Total  kinetic  energy  before  im¬ 
pact  =  y2m  /\v/\z  +  VzmgvB2  = 

y2(  10,000)  (20) 2  +  y2(iooo)(20)2  = 
20* 10s  +  2.10s  = 

22-103  kg*km2/h2. 

Total  kinetic  energy  after  impact  = 
( 1  000)  ( 16. 4)2  = 

1 5 •  1 0 5  kg*km2/h2 . 


In  Collision  2,  the  vehicles  have  different  masses.  Before  impact, 
they  were  traveling  at  the  same  speed.  Suppose  the  truck’s 
mass  was  10,000  kilograms  (22,000  pounds)  and  the  car’s  was 
1000  kilograms  (2200  pounds).  And  suppose  both  the  truck  and 
car  were  going  20  kilometres  (12  miles)  an  hour.  What  was  their 
combined  velocity  and  direction  immediately  after  impact? 

We  can  find  the  combined  velocity  and  direction  if  we  know  the 
combined  momentum  after  impact.  Remember,  total  (combined) 
momentum  is  conserved;  it  is  the  same  before  or  after  impact. 
So  if  we  find  the  total  momentum  before  impact,  we’ll  know  the 
total  momentum  after  impact. 


Momentum  of  A  =  m  x?  Momentum  of  B  =  m  x  v 

=  (10,000  kg)  x  (20  km/h)  =  (1000  kg)  x  (-20  km/h) 

=  200,000  kg.km/h  =  —20,000  kg.km/h 

Total  Momentum  =  Momentum  of  A  +  Momentum  of  B 

=  (200,000  kg.km/h)  +  (-20,000  kg.km/h) 

=  180,000  kg.km/h 


Total  momentum  before  and  after  impact  is  180,000  kg.km/h. 
Since  this  number  is  positive,  the  total  momentum  is  in  a  positive 
direction.  That’s  the  direction  the  truck  was  traveling  before  and 
after  impact.  Now  find  the  total  velocity  after  impact. 
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JUST  AFTER  IMPACT 


_  180,000  kg-km/h 
11,000  kg 
=  16.4  km/h 


The  total  velocity  after  impact  was  about  16  kilometres  (10  miles) 
an  hour  in  the  direction  that  the  truck  was  traveling. 

1 1-8.  Would  the  combined  mass  (both  vehicles)  continue  to 
move  at  this  velocity?  Explain. 


11-8.  No.  One  might  expect  them 
to  continue  moving,  but  the  fric¬ 
tion  of  the  car  and  truck  with  the 
road  would  slow  them  to  a  stop. 


JUST  BEFORE  IMPACT 


COLLISION  3 


AT  IMPACT 


JUST  AFTER  IMPACT 


In  Collision  3,  the  vehicles  have  equal  masses.  They  were  travel¬ 
ing  at  different  speeds  before  impact.  Suppose  the  mass  of  each 
car  was  2000  kilograms  (4400  pounds).  Suppose  Car  A’s  speed 
was  60  kilometres  (36  miles)  an  hour  and  Car  B’s  was  20  kilo¬ 
metres  (12  miles)  an  hour.  What  was  their  combined  velocity 
and  direction  immediately  after  impact? 
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Momentum  of  A  =  m  xV  Momentum  of  B  =  m  xV 


=  (2000  kg)  x  (60  km/h)  =  (2000  kg)  x  (-20  km/h) 

=  1 20,000  kg. km/h  =  —40,000  kg*km/h 


Total  Momentum  =  (120,000  kg*km/h)  +  (—40,000  kg*km/h) 

=  80,000  kg.km/h 


Total  Momentum  =  Total  mass  x  Total  velocity 

^  .  .  ,  ..  Total  Momentum 

or  Total  velocity  =  - 

Total  mass 


=  80,000  kg»km/h 
4000  kg 
=  20  km/h 


After  impact,  the  vehicles  traveled  at  20  kilometres  (12  miles)  per 
hour.  They  moved  in  the  direction  that  Car  A  (the  faster  car)  was 
heading  before  impact. 

The  following  questions  relate  to  conservation  of  momentum 
and  collisions.  Answer  the  questions  and  show  all  calculations. 

PROBLEMS  11-9.  A  2000-kilogram  (4400-pound)  car  is  traveling  20 

kilometres  (12  miles)  an  hour.  It  collides  head-on  with  a 
n-9.  About  7  km/h  in  the  direc-  1 000-kilogram  (2200-pound)  sports  car  traveling  60  kilo- 

sports  ca  was  traveling.  metres  (36  miles)  an  hour  in  the  opposite  direction.  What  is 

the  total  velocity  and  direction  after  impact? 


11-10.  About  42  km/h  in  the  di¬ 
rection  the  truck  was  traveling. 


^  11-10.  A  10,000-kilogram  (22,000-pound)  truck  is  travel¬ 
ing  50  kilometres  (30  miles)  an  hour.  It  collides  into  the 
back  of  a  stopped  car.  The  car’s  mass  is  2000  kilograms 
(4400  pounds).  What  is  the  total  velocity  after  impact?  In 
what  direction  do  the  vehicles  move? 
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^  11-11.  A  motorcycle  is  traveling  60  kilometres  (36 
miles)  an  hour.  It  collides  head-on  with  a  car  traveling  40 
kilometres  (24  miles)  an  hour  in  the  opposite  direction.  The 
mass  of  the  cycle  and  rider  is  800  kilograms  (1760  pounds). 
The  mass  of  the  car  and  driver  is  4000  kilograms  (8800 
pounds).  What  is  the  total  velocity  after  collision?  In  what 
direction  do  the  vehicles  move? 


MOMENTUM 
and  SAFETY  DESIGN 


In  a  car  crash,  the  severity  of  injuries  is  related  to  the  change  in 
velocity  of  the  vehicles.  Consider  the  crash  between  the  truck 
and  car  described  in  Collision  2.  In  this  crash,  the  truck  and  car 
collided  head-on.  Each  was  traveling  at  20  kilometres  (12  miles) 
an  hour.  After  the  collision,  the  vehicles  moved  16  kilometres 
(10  miles)  an  hour  in  the  direction  of  the  truck.  The  truck  (and 
its  driver)  went  from  20  to  16  kilometres  an  hour.  This  change  in 
velocity  was  4  kilometres  (2  miles)  an  hour.  But  the  car  (and  its 
driver)  went  from  20  kilometres  an  hour  in  one  direction  to  16 
kilometres  an  hour  in  the  opposite  direction.  This  was  a  change 
in  velocity  of  36  kilometres  (22  miles)  an  hour.  The  change  in 
velocity  for  the  car  was  nine  times  greater  than  that  for  the  truck. 
The  driver  of  the  car  was  far  more  likely  to  suffer  serious  injury 
than  the  driver  of  the  truck. 

This  is  a  major  problem  in  car-safety  design.  In  a  crash,  a 
driver  of  a  heavy  vehicle  is  protected.  The  vehicle  plows  on  like 
a  tank.  But,  while  the  vehicle  protects  its  own  driver,  it  greatly 
increases  the  chance  of  injury  to  drivers  of  smaller  cars. 

\S  11-12.  Consider  what  you  have  learned  in  this  minicourse. 
Then  describe  how  passengers  in  a  small  car  could  be  better  pro¬ 
tected  from  injury  during  a  crash  with  a  larger  vehicle. 

\S  11-13.  Why  might  a  glancing  collision  be  less  destructive  to 
a  person  and  a  vehicle  than  a  head-on  collision?  (In  a  glancing 
collision,  a  vehicle  hits  an  object  at  an  angle  and  then  bounces 
off  the  object.) 


ANSWERS  11-9.  About  7  km/h  in  the  direction  the  sports  car 
was  traveling.  11-10.  About  42  km/h  in  the  direction  the 
truck  was  traveling.  11-11.  About  23  km/h  in  the  direction 
the  car  was  traveling. 


11-11.  About  23  km/h  in  the  di¬ 
rection  the  car  was  traveling. 


11-12.  The  small  car  could  be 
strengthened  structurally  so  that 
it  doesn't  collapse  on  the  passen¬ 
gers;  the  passengers  should  be 
using  seat  belts  and  perhaps  an 
air-bag  system. 

11-13.  In  a  glancing  collision,  the 
change  in  direction  of  the  cars  is 
far  less  than  in  a  head-on  colli¬ 
sion.  Therefore,  the  change  in 
velocity  (and  momentum)  is  also 
far  less. 
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Activity 


MATERIALS  PER  STUDENT 
UNIT 

None 


Speeding  Aronnd  Curves 

ACTIVITY  EMPHASIS:  Students  use  addition  of  vectors  to  explain  why  cars 
traveling  at  different  speeds  are  able  to  round  both  banked  and  unbanked  curves 
safely. 


Believe  it  or  not,  a  racing  car  driver  is  constantly  using  principles 
of  physics  to  make  judgments.  When  a  speeding  car  goes  into  a 
curve,  the  car  must  stay  on  the  road.  If  the  driver  misjudges  a 
curve,  the  car  will  skid,  if  the  driver  misjudges  the  road’s  sur¬ 
face,  the  car  will  skid.  Later  in  this  activity,  you’ll  get  a  chance  to 
make  some  of  these  judgments. 

What  principles  are  actually  used  in  “racing-car  physics’’? 
How  are  they  used?  Well,  the  forces  acting  on  the  car  are  stud¬ 
ied.  The  direction  of  a  force  is  shown  by  an  arrow  called  a  vec¬ 
tor.  The  size  of  the  force  is  shown  by  the  length  of  the  vector. 
The  scale  that  relates  the  length  of  the  vector  to  the  size  of  the 
force  is  up  to  you.  It  really  depends  on  how  much  space  you 
have  for  your  drawing.  But  all  vectors  in  the  same  drawing  must 
be  in  the  same  scale. 

Two  vectors  F1  and  F2  are  shown  in  Figure  12-1.  The  scale 
used  is  1  centimetre  for  1 000  newtons. 


Figure  12-1 


12-1.  In  Figure  12-1,  which  vector  shows  a  force  of  6,000 
newtons  to  the  right?  12-1.  f1 


Draw  the  two  force  vectors, 
Ft  and  F2.  Then  draw  a 
parallelogram  using  Ft  and 
F2  as  sides.  The  dashed 
lines  in  the  drawing  are  the 
sides  of  the  parallelogram. 
Side  x  is  the  same  length  as 
Ft  and  side  y  is  the  same 
length  as  F2.  The  diagonal 
is  the  resultant  vector. 


x 


x 
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Two  forces  with  different  directions  act  on  a  turning  car.  The 
result  of  the  forces  determines  the  speed  and  direction  in  which 
the  car  will  move.  This  result  is  shown  by  a  single  vector  called 
the  resultant  vector.  It  is  the  sum  of  the  two  force  vectors.  Fig¬ 
ure  12-2  shows  how  to  find  the  resultant  vector. 


iS  12-2.  Look  at  Figure  12-2.  What  is  the  measure,  in  new¬ 
tons,  of  the  resultant  vectors?  (1  centimetre  represents  1000 
newtons.) 

^  12-3.  Place  a  clean  piece  of  paper  over  the  vectors 
shown.  Copy  the  vectors  on  the  paper  and  draw  the  resul¬ 
tant  vectors.  What  is  the  measure,  in  newtons,  of  the 
resultant  vectors?  (1  centimetre  represents  1000  newtons.) 


12-2.  Vector  on  left  =  4400  new¬ 
tons;  vector  on  right  =  5000 
newtons. 


12-3.  a.  3600  newtons 
b.  2800  newtons 


a. 


A 


Fi 


b. 


F l  ^ 

A  racing  car  going  into  a  curve  is  shown  in  Figure  12-3.  The 
vector  F-,  shows  the  forward  speed  of  the  car  and  the  direction 
that  the  car  is  heading  as  it  approaches  the  curve.  The  car  will 
continue  to  go  in  this  direction  unless  acted  upon  by  an  outside 
force.  (Remember  Newton's  first  law  of  motion?)  But  the  driver 
turns  the  wheels.  The  force  of  the  road  against  the  tires  changes 
the  direction  of  motion  of  the  car.  There  is  a  change  in  velocity. 
This  change  is  shown  by  the  vector  F2.  The  car  moves  in  the 
direction  of  the  resultant  vector  F3. 


Figure  12-3 
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12-4.  2.6  cm 


12-5.  2600  newtons 


12-6.  1700  newtons 


Now  let’s  look  at  vectors  representing  forces.  For  example,  sup¬ 
pose  the  force  on  a  car,  causing  it  to  turn,  is  2000  newtons.  And 
suppose  the  forward  force  on  the  car,  causing  it  to  speed  up,  is 
1 500  newtons.  The  forces  are  shown  in  Figure  1 2-4.  The  scale 
used  for  the  length  of  the  vectors  is  1  centimetre  for  1 000  new¬ 
tons. 


forward  force 


turning  force 

Figure  12-4 

\S  12-4.  In  Figure  12-4,  how  long  is  the  resultant  vector? 

\S  12-5.  How  many  newtons  of  force  are  represented  by  the 
resultant  vector? 

^  12-6.  A  racing  car  turns  into  a  curve.  The  forward  force 
speeding  up  the  car  is  1500  newtons.  The  force  of  friction 
turning  the  car  is  750  newtons.  What  is  the  resultant  force 
(in  newtons)  on  the  car? 


Now  let’s  consider  a  car  that  is  accelerated  while  turning  into  a 
curve.  Suppose  a  1000-kilogram  (2200-pound)  car  is  accel¬ 
erated  1  metre  per  second  in  1  second.  What  is  the  acceleration 
force?  (Find  it  in  Figure  12-5.)  If  the  car  is  accelerated  5 
metres  per  second  in  1  second,  what  is  the  acceleration  force? 
(The  first  answer  is  1000  newtons;  the  second  answer  is  5000 
newtons.) 


ACCELERATION  FORCE  ON 
1 000-KILOGRAM  CAR 


(  ACCELERATION 

ACCELERATION  FORCE  V"Tv) 

(in  m/sec2) 

(in  newtons) 

\  1 

1000 

2 

2000  V 

ry  3 

3000  2? 

y  4 

4000  j 

5 

5000  5 
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Once  again  consider  the  car  turning  into  the  curve.  Suppose  the 
curve  has  a  150-metre  (165-yard)  radius,  and  the  car  is  traveling 
at  56  kilometres  (34  miles)  an  hour.  The  force  of  friction  needed 
to  keep  this  car  on  the  road  can  be  found  in  Figure  12-6.  It’s 
1613  newtons.  Now  suppose  this  car  is  accelerated  2  metres 
per  second  in  1  second.  What  is  the  resultant  force  on  the  car? 


TURNING  FORCE  OF  FRICTION  ON  CAR  (IN  NEWTONS) 

RADIUS  OF  CURVE 

VELOCITY  (KILOMETRES  PER  HOUR)* 

(in  metres) 

56 

64 

72 

80 

88 

50 

4840 

6320 

8000 

9880 

11,940 

100 

2420 

3160 

4000 

4940 

5970 

150 

1613 

2106 

2666 

3293 

3980 

200 

1210 

1580 

2000 

2470 

2985 

250 

968 

1264 

1600 

1976 

2388 

300 

806 

1053 

1333 

1647 

1990 

350 

691 

903 

1143 

1411 

1705 

400 

605 

790 

1000 

1235 

1492 

*  For  a  1000-kg  car 


Figure  12-6 

You  can  find  the  answer  by  using  vectors.  Let  one  vector  repre¬ 
sent  the  acceleration  force  of  2000  newtons  (found  in  Figure 
12-5).  Let  the  other  vector  represent  the  friction  force  of  1613 
newtons  (found  in  Figure  1 2-6).  The  sum  of  the  two  vectors  rep¬ 
resents  the  resultant  force  on  the  car.  See  Figure  12-7. 

acceleration  force  of 
2000  newtons 


turning  force  of  1613  newtons 
1  centimetre  represents  1000  newtons 


Figure  12-7 

The  car  pushes  on  the  road’s  surface  with  a  resultant  force  of 
about  2600  newtons.  Will  the  car  skid?  Suppose  the  curve’s 
surface  is  concrete.  And  suppose  the  surface  is  dry.  Look  at 
Figure  12-8  to  find  the  maximum  friction  force  for  the  car  on  dry 
concrete.  It’s  9000  newtons.  The  car  will  not  skid. 
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If  the  resultant  force  is  greater  than  the  maximum  friction  force, 
the  car  will  skid. 

If  the  resultant  force  is  less  than  the  maximum  friction  force,  the 
car  will  not  skid. 


MAXIMUM  FRICTION  FORCE 
IN  NEWTONS 
FOR  1000-KILOGRAM  CAR 


SURFACE 

FORCE 

Concrete  (dry) 

9000 

Asphalt  (dry) 

8500 

Asphalt  (wet) 

6500 

Gravel 

6500  1 

Snow 

4500 

Mud 

2500  | 

Figure  12-8 


\S  12-7.  When  the  resultant  force  on  a  1000-kg  car  is  2600 
newtons,  will  the  car  skid  on  a  mud  road?  2  1  ■  Yes 


'A  12-8.  Suppose  you  are  traveling  at  64  kilometres  (38 
miles)  an  hour.  You  turn  into  a  100-metre  (110-yard)  curve 
and  accelerate  5  metres  per  second  in  one  second.  Will 
your  1000-kilogram  car  skid  on  wet  asphalt?  (Use  the  tables 
in  Figures  12-5,  12-6,  and  12-8.)  12  8  No 


^  12-9.  You  are  on  a  dry  concrete  highway  traveling  at  80 
kilometres  (48  miles)  an  hour.  You  accelerate  5  metres  per 
second  in  one  second  around  a  50-metre  (55-yard)  curve. 
Will  your  1000-kilogram  car  stay  on  the  road?  2  9  No 


Put  On  Your 
Sent  Belt,  Mr.  Newton! 

ACTIVITY  EMPHASIS:  Students  use  Newton's  second  law  of  motion  to  calculate 
the  acceleration  forces  on  cars  and  passengers  during  collisions.  Graphs  of  actual 
crash  experiments  are  provided.  How  the  wearing  of  seat  belts  affects  acceleration 
forces  is  examined. 

In  Figure  13-1,  the  car  and  passenger  are  moving  at  the  same 
velocity.  That  is,  they  are  moving  at  the  same  speed  and  in  the 
same  direction. 


88  km/h  (53  miles/h)  CAR  VELOCITY 


88  km/h  (53  miles/h)  PASSENGER  VELOCITY 


MATERIALS  PER  STUDENT 
UNIT 

Resource  Unit  2 

Newton’s  first  law:  A  body 
in  motion  remains  in  motion, 
moving  at  the  same  velocity, 
unless  acted  upon  by  an 
outside  force. 


Figure  13-1 


Figure  13-2  shows  what  happens  when  the  driver  steps  on  the 
accelerator.  There  is  a  change  in  the  car’s  velocity.  The  car 
speeds  up.  Look  at  the  two  vectors  or  arrows  in  Figure  13-2. 
Each  vector  represents  the  velocity  of  the  car  and  passenger. 
The  velocity  vectors  show  the  speed  and  direction  of  motion. 


13-1.  The  different  lengths  re¬ 
flect  the  fact  that  the  speed 
(measure  of  the  vector)  is  greater 
after  acceleration  than  before. 


70  km/h  (42  miles/h) 


(car  and  passenger) 


plus 

23  km/h 


93  km/h  (56  miles/h) 


(car  and  passenger) 


Newton’s  second  law:  The 

change  of  motion  of  a  body 
is  proportional  to  the  outside 
force  applied  to  that  body. 


Figure  13-2 

13-1.  In  Figure  13-2,  the  vectors  are  of  different  lengths. 
What  do  the  different  lengths  mean? 
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In  Figure  13-3,  the  wall  exerts  a  force  on  the  car.  The  force  is 
equal  to  that  of  the  moving  car,  but  in  the  opposite  direction. 
There  is  a  change  in  the  car’s  velocity.  The  velocity  becomes 
zero  and  the  car  stops.  As  the  car  stops,  the  dashboard,  steer¬ 
ing  wheel,  and  fire  wall  exert  a  force  on  the  passenger.  The 
force  is  equal  to  that  of  the  moving  passenger,  but  in  the  opposite 
direction.  There  is  a  change  in  the  passenger’s  velocity.  It  be¬ 
comes  zero  and  the  passenger  stops. 


Figure  13-3 


13-2.  Although  the  direction  of  13-2,  What  is  meant  by  a  change  in  velocity?  Give  an  ex- 

motion  may  not  change,  the  amp|e  of  a  Change  in  Velocity. 

speed  does;  for  example,  from  93 

km/h  to  0  km/h.  _ 

Figures  13-2  and  13-3  show  examples  of  changes  in  velocity. 
In  Figure  13-2,  the  car  gradually  gains  speed.  In  Figure  13-3, 
the  car  rapidly  slows  down. 

Positive  Acceleration  is  an  increase  in  velocity  or  a  “speeding 
up”  in  a  certain  amount  of  time. 

Negative  Acceleration  is  a  decrease  in  velocity  or  a  “slowing 
down”  in  a  certain  amount  of  time. 

An  outside  force  produced  the  changes  in  velocity  shown  in 
Figures  13-2  and  13-3.  Newton  studied  outside  forces  such  as 
these  to  find  out  how  they  related  to  velocity.  He  found  that  the 
amount  of  acceleration  of  an  object  (positive  or  negative  change 
in  velocity)  depended  on  the  force  applied  to  the  object  and  on 
the  mass  of  the  object.  In  fact,  acceleration  equals  force  divided 
by  mass. 

Or  force  =  mass  x  acceleration 
f  =  m  x  a 
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Suppose  an  1 100-kilogram  car  slows  down  3  metres  per  second 
each  second.  How  much  force  is  acting  on  the  car?  Since  the 
car  is  slowing  down,  the  acceleration  is  negative:  —3  metres  per 
second  per  second. 

f  =  m  x  a 

f  =  1100  kg  x  (-3  m/s2) 
f  =  —3300  kg-m/s2 

Notice  that  the  unit  of  force  is  kg-m/s2.  This  unit  is  called  a  new¬ 
ton.  One  newton  is  the  amount  of  force  necessary  to  accelerate 
a  one-kilogram  mass  one  metre  per  second  per  second. 

1  kg-m/s  .  .  .  _ 

— f or  1  kg-m/s2 
1  s  a 

So  a  force  of  3300  newtons  will  accelerate  a  mass  of  1100  kilo¬ 
grams  3  metres  per  second  each  second  that  it  is  applied.  Since 
the  car  is  being  slowed  down,  the  force  has  a  negative  sign  (—3300 
newtons). 

13-3.  How  much  force  is  needed  to  slow  down  an  1100-  13-3. 

kilogram  car  6  metres  per  second  each  second? 

Suppose  an  1 100-kilogram  car  has  an  engine  that  exerts  a  force 
of  8800  newtons.  In  this  case,  the  acceleration  is  8  m/s2.  The 
car  is  speeding  up.  It  has  positive  acceleration. 

force  =  mass  x  acceleration 

or  acceleration  =  — — 

mass 

f 

a  =  — 
m 

8800  newtons  8800  kg-m/s2 

1100  kg  1100  kg 

=  8  m/s2 


\S  13-4.  Suppose  an  1100-kilogram  car  has  an  engine  that  is 
exerting  a  force  of  1 1 00  newtons.  What  is  the  acceleration  of  the 

Car?  13-4.  1  m/sz 
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-6600  newtons 


Figure  13-4 

Have  Resource  Unit  2  available  to  Crash  experiments  were  run  at  the  Road  Research  Laboratories 
aid  students  in  reading  the  graph.  jn  England.  Both  the  dummies  and  the  cars  contained  special 

instruments  to  measure  the  acceleration  forces  during  the  colli¬ 
sions.  Results  are  shown  in  the  graph  of  Figure  13-4.  If  you 
have  trouble  reading  the  graph,  study  Resource  Unit  2. 


In  the  graph,  the  vertical  axis  is  labeled  Acceleration  Force  In 
G’s.  A  G  is  the  constant  acceleration  force  due  to  gravity.  A 
force  of  1 G  is  equal  to  the  weight  of  an  object.  A  force  of  25 G  is 
25  times  the  force  of  gravity  or  25  times  the  weight  of  the  object. 

13-5.  The  force  exerted  is  50  13-5.  Explain  what  is  meant  by  a  force  of  50G. 

times  the  force  of  gravity. 

Look  at  Figure  13-4.  When  the  line  in  the  curve  rises,  the  accel¬ 
eration  force  is  increasing.  This  means  that  the  car  is  slowing 
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down.  It  is  important  to  remember  that  for  this  graph,  the  accel¬ 
eration  force  is  negative.  The  car  is  slowing  down. 


1^1  3-6.  What  is  happening  to  the  acceleration  force  when  the  13-6.  The 
line  in  the  Curve  falls?  decreasing 

tive). 

In  his  second  law  of  motion,  Newton  said:  The  change  of  motion 
of  a  body  is  proportional  to  the  outside  force  applied  to  the 
body.  Look  at  Figure  1 3-4.  The  car  slows  down  quickly  when  it 
hits  the  barrier.  By  the  time  the  bumper  collapses,  the  negative 
acceleration  force  on  the  car  is  about  25G.  When  the  car’s  body 
hits  the  barrier,  the  car  stops.  The  negative  acceleration  force  is 
about  45G:  45  times  the  force  due  to  gravity.  Then  the  car  re¬ 
bounds.  The  acceleration  force  goes  from  45G  to  25G. 

Once  again  look  at  Figure  13-4.  Notice  that  it  is  about  0.02 
second  after  the  car  hits  the  barrier  that  the  bumper  collapses. 

The  car’s  velocity  by  this  time  has  changed  from  66  kilometres 
(40  miles)  an  hour  to  48  kilometres  (29  miles)  an  hour.  Flow 
much  force  is  needed  to  change  the  velocity  of  the  car?  Find  the 
force  in  newtons  and  in  G’s. 

To  find  the  force  in  newtons,  use  the  equation: 

F  =  ma 

The  mass  m  of  the  car  is  known.  It  is  1 000  kilograms  (2200 
pounds).  But  the  acceleration,  a,  must  be  found.  When  the 
car  hits  the  barrier  it  is  going  66  kilometres  an  hour.  After 
0.02  second,  the  car  is  going  48  kilometres  an  hour. 

(66  km/h)  —  (48  km/h)  18  km/h 
a  “  0.02  s  0r  0.02  s 

Since  the  acceleration  is  negative, 

_  _  18  km/h 
a  0.02  s  ' 

But  we  have  to  express  a  in  metres  per  second  per  second,  not 
kilometres  per  hour  per  second.  Why?  Because  one  newton  is 
the  amount  of  force  needed  to  accelerate  a  one-kilogram  mass 
one  metre  per  second  in  one  second.  In  this  case,  the  accelera¬ 
tion  is: 


—  18  km/h  —18000  m/3600  s  —5  m/s 

0.02  s  °r  0.02  s  °r  0.02  s 


acceleration  force  is 
(becoming  less  nega- 
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Now  that  we  know  m  and  a  we  can  find  F. 


F  =  ma 


—5000  kg*m/s 
0.02  s 


(To  simplify  this,  multiply 
the  numerator  and  the 
denominator  by  50.) 


=  250,000  kg»nn/s  ^  _250,000  newtons 


s 


At  0.02  second  after  impact,  the  acceleration  force  is  —250,000 
newtons. 

The  negative  sign  means  it  is  a  negative  acceleration  force.  Now 
express  the  size  of  this  force  (250,000  newtons)  in  G’s.  First 
find  the  weight  of  the  car  in  newtons. 

weight  (force  due  to  gravity)  =  mass  x  acceleration  due  to  gravity 

The  car’s  mass  is  1000  kilograms.  The  acceleration  due  to  grav¬ 
ity  is  about  10  metres  per  second  per  second. 


weight  =  (1000  kg) 


10,000  kg«m/s 


s 


or  10,000  newtons 

The  weight  of  the  car  is  10,000  newtons  or  1G.  Now  divide  the 
acceleration  force,  250,000  newtons,  by  the  weight  of  the  car, 
10,000  newtons. 


250,000  newtons 
1 0,000  newtons 


=  25G’s 


Look  at  Figure  13-4.  The  time  that  passed  between  the  car’s 
front  end  collapsing  and  the  main  body  of  the  car  hitting  the  bar¬ 
rier  is  about  0.03  second.  The  car’s  velocity  changes  from  40 
kilometres  (24  miles)  an  hour  to  0  kilometres  (0  miles)  an  hour. 
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\S  13-7.  How  much  force  is  needed  to  change  the  velocity  of  13-7.  -370,000  newtons;  37  c s 
the  car?  Find  the  force  in  newtons  and  in  G’s. 


While  all  this  is  going  on  with  the  car,  what’s  happening  to  the 
passenger?  The  instruments  attached  to  the  dummy  show  us 
what  forces  act  on  the  passenger.  The  graph  of  these  forces  is 
shown  in  Figure  13-5.  In  this  test  sequence,  the  dummy  is 
unrestrained.  It  is  not  wearing  a  seat  belt. 


Figure  13-5 

\S  13-8.  Look  at  Figure  13-5.  How  much  time  passes  after 
the  crash  before  the  dummy  begins  to  slow  down? 

13-9.  What  is  the  greatest  amount  of  force  that  acts  on  the 
dummy?  Express  the  force  in  newtons  and  in  G’s. 

At  0.03  second  after  the  crash,  the  car  is  stopping.  But  the 
dummy  continues  to  move  toward  the  steering  wheel.  At  this 
time  there  is  no  outside  force  acting  on  the  dummy. 


13-8.  0.04  second 


13-9.  -75,000  newtons;  100  G's 
10  m/s 

F  =  ma  =  75  kg  • - 

s 

750  kg  •  m/s  *  n 
= - 2 - or  1  G 

100  G's  =  75'000  k.a'Ig^or 
s 

75,000  newtons 

The  acceleration  force  is  negative 
-75,000  newtons. 
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At  0.05  second  after  the  crash,  the  dummy  is  briefly  slowed  down 
by  the  steering  wheel.  This  is  shown  in  the  graph  in  Figure 
13-5. 


^  13-10.  When  the  dummy  hits  the  dashboard,  the  nega¬ 
tive  acceleration  force  is  lOOG’s.  The  mass  of  the  dummy  is 
75  kilograms  (165  pounds).  What  is  the  negative  accelera- 

13-11.  The  dummy  hitting  the  tion  force  in  newtons?  13-10.  -75,000  newtons 
fire  wall  of  the  passenger  com¬ 


partment. 


13-11.  At  about  0.09  second  after  impact,  there  is  another 
peak  in  the  curve.  What  do  you  think  caused  this  peak? 

Further  experiments  provided  data  for  a  dummy  wearing  a  seat 
belt.  The  graph  of  these  data  is  shown  in  Figure  1 3-6. 
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13-12.  Look  at  Figure  13-6.  How  much  time  passes  atter  13-12.  0.02  second 
the  crash  before  the  dummy  begins  to  slow  down? 


^  13-13.  It  took  about  0.05  second  for  the  dummy  to  go 
from  66  kilometres  (40  miles)  an  hour  to  0  kilometres  (0 
miles)  an  hour.  What  is  the  negative  acceleration  force  in 
newtons?  In  G’s? 


13-13.  -27,000  newtons;  36  G's: 

-7  .  10  m/s 

F  =  ma  =  75  kg  •  - - — 

750  kg  •  m/s  .  ~ 

=  - 2 - or  1  G 

s 


Immediately  after  the  crash,  the  car  slows  down.  But  the  dummy 
continues  to  move  66  kilometres  an  hour.  At  0.02  second  after 
the  crash,  the  dummy  starts  to  strain  against  the  seat  belt.  The 
negative  acceleration  begins  to  act:  the  belt  begins  slowing  down 
the  dummy. 

At  0.07  second  after  the  crash,  the  largest  negative  accelera¬ 
tion  force  acts  on  the  dummy. 

In  less  than  0.12  second  after  impact,  the  car  has  stopped 
moving.  But  the  dummy  continues  to  move.  The  seat  belt  has 
stretched  and  continues  to  pull  back  on  the  dummy.  Finally,  at 
0.13  second  after  impact,  the  dummy  is  back  in  the  seat  and  has 
stopped  moving.  This  is  0.01  second  after  the  car  has  stopped 
moving. 

Figure  13-7  shows  two  graphs  that  you’ve  been  studying.  It 
shows  the  negative  acceleration  force  on  the  unbelted  dummy 
and  on  the  belted  dummy.  Notice  the  smooth  curve  for  the 
belted  dummy.  It  does  not  have  peaks  like  the  curve  for  the  un¬ 
belted  dummy. 
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Using  the  same  procedures  as 
shown  for  earlier  questions,  the 
calculation  of  the  negative  accel¬ 
eration  gives  -27,485  newtons. 
Using  only  the  significant  figures, 
this  has  been  rounded  off  to 
—27,000  newtons. 


Figure  13-7 
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13-14.  The  elasticity  of  the  seat 
belt  absorbs  and  smooths  out  the 
shock  of  negative  acceleration. 
Also,  the  seat  belt  keeps  the 
dummy  from  hitting  any  other 
objects. 


^  13-14.  Look  at  Figure  13-7.  Why  does  the  curve  tend 
to  smooth  out  when  the  dummy  is  restrained? 


A  seat  belt  distributes  the  negative  acceleration  force  over  your 
body.  This  prevents  the  force  from  being  concentrated  on  one 
place:  like  your  head  if  it  hits  the  dashboard.  A  seat  belt  also 
distributes  the  acceleration  force  over  a  greater  period  of  time. 
The  acceleration  force  on  the  belted  dummy  lasted  about  0.11 
second.  The  force  on  the  unbelted  dummy  lasted  about  0.07 
second.  So  with  a  seat  belt,  the  negative  acceleration  rate  is 
slower,  there  is  less  peak  force  on  your  body,  and  your  chances 
of  serious  injury  are  less. 


66  ADVANCED 


Activity 


Planning 


Activity  ]g  Page  72 
On-the-Road  Safety  Features 

What  safety  features  protect  you  from 
crashing  into  bridges,  from  going  off  the 
road  into  deep  ditches,  and  from  being 
crushed  by  sign  posts?  When  you 
finish  this  excursion  you’ll  know  why 
highways  are  safer  now  than  they  were 
in  the  past. 
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Activity  |jj  Page  68 
Experts  Speak  Out 
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What  has  been  done  during  the  past  ten 
years  to  make  cars  safer?  What  should 
still  be  done?  Why  haven’t  we  done  more? 
Listen  to  the  viewpoints  of  three  experts 
as  they  discuss  these  and  other  questions. 
It’s  your  job  to  decide  which  arguments 
ire  fact  and  which  are  opinion. 
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Activity 


ACTIVITY  EMPHASIS:  Three 
experts  speak  on  automobile  safe¬ 
ty.  Students  attempt  to  distin¬ 
guish  between  statements  of  fact 
and  statements  of  opinion. 


.  /mi 


MATERIALS  PER  STUDENT 
UNIT 

cassette  tape  for  Packaging 
Passengers 

cassette  player,  preferably  with 
headphones 


Experts  often  have  as  many  opinions  as  facts.  That’s  why  it's 
important  to  listen  carefully  to  what  they  say.  The  listener  must 
determine  which  comments  are  facts  and  which  are  opinions. 


15-1.  a.  Fact. 

b.  Opinion. 

c.  Fact. 


\S  15-1.  Identify  each  of  the  following  phrases  as  fact  or  opin¬ 
ion.  Remember,  a  fact  can  be  supported  by  evidence  or 
checked  for  accuracy. 

a.  In  an  editorial  of  The  New  York  Times  of  May  13,  1975, 
reasons  were  given  .  .  . 

b.  In  my  view,  they  did  not  make  changes  fast  enough  to  .  .  . 

c.  Most  people  know  that .  .  . 

It’s  more  difficult  to  tell  fact  from  opinion  when  you’re  listening  to 
statements  rather  than  reading  them.  In  this  activity,  you  will  lis¬ 
ten  to  two  experts  on  packaging  passengers.  Each  of  the 
experts  sees  the  subject  from  a  different  viewpoint. 

Now  listen  to  what  these  people  have  to  say.  Find  the  tape  for 
Packaging  Passengers  and  listen  to  the  side  for  Activity  15.  First 
you  may  want  to  read  Questions  15-2,  15-3,  and  15-4.  But 
don’t  answer  the  questions  until  you’ve  heard  the  tape. 
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1^1  5-2.  Match  each  phrase,  a  through  f,  to  one  of  the  six  illus-  15-2.  a-i,  b-5,  c-4,  d-3,  e-2,  f-6 
trations  in  Figure  1 5-1 . 


Figure  15-1 


a.  Dish  design 

b.  Energy-absorbing 

c.  Strengthened  doors 

d.  Flat  metal  sheets  without 
rigid  supports 

e.  Pockets  or  bulges  when 
struck 

f.  Warning  buzzer 


We  often  create  our  own  problems.  First  we  invented  the  auto¬ 
mobile.  Then  we  built  smoother  highways  and  faster  cars.  With 
these  technological  advances  came  an  increasing  number  of 
deaths  from  car  crashes.  Now  we  are  trying  to  reduce  the 
number  of  deaths  by  using  legal,  technological,  and  other  means. 

1^1  5—3.  In  Figure  1  5—2  (page  70),  a  through  f  show  some  meth-  15-3.  a-L,  b-T  or  b-N,  c-t,  d-T, 

ods  used  to  reduce  highway  deaths.  Write  the  letters  a  to  f  in  e-Nff-L 

your  notebook.  Then  identify  each  method  as  being  legal  (/_), 
technological  (7),  or  neither  legal  nor  technological  (A/). 
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e.  “DRIVE  SAFELY”  messages  on  television 


b.  padded  sun  visors 


c.  air  bags  and 
seat  belts 


d.  bumpers  that  absorb  impacts 


a.  reduced  speed  limits 

T5T 

LIMIT 

90  km/h 

(  54  miles  /H  ) 


Figure  15-2  \S  15-4.  In  the  tape,  one  of  the  speakers  claims  that  the  auto- 

15  4  s  an  opinion  until  it  is  mobile  companies  are  giving  the  public  what  it  wants.  Is  the 

speaker  making  a  statement  of  fact  or  a  statement  of  opinion? 
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As  you  know,  there  have  been  many  technological  advances  in 
the  design  of  cars.  Some  are  illustrated  below. 


Safer  windshields.  The  secret  to 
improved  windshields  is  lamination. 
A  layer  of  plastic  is  sandwiched 
between  two  layers  of  glass.  On 
impact,  the  windshield  bulges.  It 
does  not  shatter.  Notice  how  the 
windshield  forms  a  pocket  over  the 
dummy’s  head.  This  spreads  the 
deceleration  force  over  a  large  - 
area  of  the  head. 


Energy-absorbing  steering  column. 

Before  1967,  the  impact  of  drivers 
against  rigid  steering  wheels  caused 
many  deaths.  Since  then, 
energy-absorbing  steering  columns 
have  been  introduced.  When  a  driver 
crashes  into  the  wheel,  the  steering 
column  collapses.  This  reduces  the 
impact  on  the  driver. 


Anti-burst  latches.  Twenty  years 
ago,  ten  percent  of  the  people  in 
accidents  were  ejected  (thrown  out) 
from  the  car.  Today,  with  new  and 
stronger  latches,  doors  fly  open  less 
often.  Now  less  than  three  percent  of 
the  people  in  car  crashes  are  ejected 
from  the  car. 


Door  guard  beams.  Strong  straps 
of  steel  are  welded  inside  the  car 
doors  to  strengthen  them.  This 
reduces  the  amount  of  door  crushing 
during  side  collisions.  The  door 
can  withstand  side  collisions  up  to 
50  kilometers  (30  miles)  an  hour. 
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15-5.  Answers  will  vary,  but  could 
include  steering  columns  that  col¬ 
lapse  slowly,  strengthened  doors, 
windshields  that  bulge  rather  than 
shatter  on  impact,  stronger  door 
latches,  seat  belts,  and  limits  on 
horsepower. 

15-6.  Answers  will  vary,  but  the 
statement  should  be  rejected  be¬ 
cause  dramatic  reductions  in  car- 
accident  injuries  and  fatalities 
have  resulted  through  technologi¬ 
cal  safeguards. 


^  15-5.  Describe  five  changes  in  automobile  design  that 
have  made  cars  safer. 

1^1  5-6.  Explain  why  you  would  accept  or  reject  this  state¬ 
ment:  To  solve  problems  created  by  technology  we  must  use 
public  opinion,  advertising,  and  legal  methods,  not  technology. 

^  15-7.  Is  the  following  statement  a  fact  or  an  opinion? 
Why  do  you  think  so? 

“The  auto  industry  has  waited  too  long  to  install  safety  de¬ 
vices.”  15-7.  Opinion,  because  its  truth  cannot  be  checked  easily. 


ACTIVITY  EMPHASIS:  A  de¬ 
scription  of  barrels  of  life,  guard¬ 
rails,  and  break-away  poles.  Their 
use  on  highways  as  safety  fea- 

Safety  Features  ' 

MATERIALS  PER  STUDENT 

UNIT 

None. 

Today’s  highways  have  many  safety  features.  Some  are  shown 
in  Figure  16-1.  How  many  can  you  find  in  the  drawing? 


Figure  16-1 
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Three  main  safety  features  in  Figure  16-1  are  barrels  of  life  (filled 
with  sand),  guard  rails,  and  break-away  poles.  Let’s  consider  each 
of  these  separately. 


16-1.  Describe  what  the  car  would  have  looked  like  if  the 

barrels  Of  life  were  not  there.  16-1.  It  would  have  been  demolished. 


1X1  6-2.  Describe  how  the  barrels  of  life  may  save  a  passen¬ 
ger’s  life. 

1^1  6-3.  The  energy  of  motion  of  the  car  is  transferred.  Why 
is  it  better  to  transfer  this  energy  to  the  barrels  rather  than  to  the 
bridge? 
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16-2.  They  slow  down  the  car 
over  a  longer  period  of  time  than 
the  concrete  overpass  support 
would  have. 

16-3.  .Energy  transfer  to  the  bar¬ 
rels  does  not  occur  all  at  once  on 
the  first  impact.  The  force  of  the 
collision  is  spread  out  over  more 
time,  thus  decreasing  the  severity. 


16-4.  To  keep  vehicles  on  the 
road. 


1X1  6-4.  Why  are  guardrails  placed  along  the  highway  next  to 
ditches  or  steep  drops? 


16-5.  To  keep  vehicles  from  hit¬ 
ting  oncoming  vehicles. 


i^i  6-5.  Why  are  guardrails  placed  along  the  middle  strip  of  a 
divided  highway? 


Figure  16-4 
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1^1  6-6.  What  might  have  happened  to  the  car  if  the  pole  was 
not  a  break-away  pole? 


16-6.  The  car  might  have  been 
badly  damaged,  perhaps  even  cut 
in  two. 


There  are  other  less  obvious  safety  features  along  the  road. 
Some  are  shown  in  Figure  16-5. 


16-7.  "Stop"  sign,  "no  right 
turn"  sign,  "emergency  stopping 
only"  sign,  reflectors  on  center 
line,  speed  bumps,  and  grooves  in 


the  road. 


Figure  16-5 

^  16-7.  List  six  safety  features  shown  in  Figure  16-5. 

^  16-8.  Look  at  your  answers  for  Question  16-7.  Choose 
one  safety  feature  and  explain  how  it  saves  lives. 


16-8.  Answer  will  depend  on 
safety  feature  chosen.  Sample: 
Speed  bumps  slow  drivers  down 
and  increase  the  chance  they'll 
notice  the  stop  sign  and  intersec¬ 
tion. 


In  the  1 950’ s,  most  two-lane  highways 
were  5  to  6  metres  wide. 


Now  two-lane  highways  are  7  to  1 0 
metres  wide. 


6-9.  Describe  some  ways  that  widening  a  highway  may 

Save  a  passenger  S  life.  16-9.  On  a  wider  road,  drivers  aren't  as  likely  to 
cross  the  center  line  into  oncoming  traffic.  They  are  also  less  likely  to  hit  overpass 
supports  or  bridge  guardrails.  EXCURSION  75 


Human  error  is  one  of  the  primary  causes  of  traffic  accidents 
Some  of  the  most  common  errors  are  shown  in  Figure  16-6. 


Figure  16-6 


16-10.  Speed-limit  signs  should 
warn  forgetful  drivers  to  slow 
down;  guardrails  and  sand  barrels 
help  prevent  serious  injury  to 
sleepy  drivers. 


^  16-10.  Look  at  Figures  16-1  and  16-5.  Choose  one 
safety  feature  and  explain  how  it  will  prevent  injury  due  to 
human  error. 
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